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PYRAZOLOPYRIDINE DERIVATIVES 

This invention relates to novel compounds, in particular to novel pyrazolopyridine 
derivatives, to processes for the preparation of such compounds, to pharmaceutical 
5 compositions containing such compounds and to the use of such compounds in medicine. 

GSK-3 is a serine/threonine protein kinase composed of two isoforms (a and p) 
which are encoded by distinct genes. GSK-3 is one of several protein kinases which 
phosphorylates glycogen synthase (GS) (Embi et aL, Eur. J. Biochem., (107), 5 19-527, 
(1980)), The a and P isoforms have a monomelic structure and are both found in 
10 mammalian cells. Both isoforms phosphorylate muscle glycogen synthase (Cross et aL, 
Biochemical Journal, (303), 21-26, (1994)) and these two isoforms show good homology 
between species (e.g. human and rabbit GSK-3a are 96% identical). 

- Type II diabetes (or Non-Insulin Dependent Diabetes Mellitus, NIDDM) is a 
multifactorial disease. Hyperglycaemia is due to insulin resistance in the liver, muscle 
1 5 and other tissues coupled with inadequate or defective secretion of insulin from 

pancreatic islets. Skeletal muscle is the major site for insulin-stimulated glucose uptake 
and in this tissue, glucose removed from the circulation is either metabolised through 

4 

glycolysis and the TCA cycle, or stored as glycogen. Muscle glycogen deposition plays 
the more important role in glucose homeostasis and Type II diabetic subjects have 

20 defective muscle glycogen storage. 

The stimulation of glycogen synthesis by insulin in skeletal muscle results from 
the dephosphorylation and activation of glycogen synthase (Villar-Palasi C. and Lamer J., 
Biochim. Biophys. Acta., (39), 171-173, (1960), Parker PJ. et al, Eur. J. Biochem., (130), 
227-234, (1983) and Cohen P., Biochem. Soc Trans., (21), 555-567, (1993)). The 

25 phosphorylation and dephosphorylation of GS are mediated by specific kinases and 

phosphatases. GSK-3 is responsible for phosphorylation and deactivation of GS, while 
glycogen bound protein phosphatase 1 (PP1G) dephosphorylates and activates GS. 
Insulin both inactivates GSK-3 and activates PP1G (Srivastava AJC. and Pandey SJC, 
Mol. and Cellular Biochem., (182), 135-141, (1998)). 

30 Chen et at. (Diabetes, (43), 1234-1241, (1994)) found that there was no difference 

in the mRNA abundance of PP1G between patients with Type II diabetes and control 

patients, suggesting that an increase in GSK-3 activity might be important in Type H 
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diabetes. It has also recently been demonstrated that GSK-3 is overexpressed in Type II 

i 

diabetic muscle and that an inverse correlation exists between skeletal muscle GSK-3a 
activity and insulin action (Nikoulina et al. , Diabetes, (49), 263-271, (2000)). 
Over expression of GSK-3 P and constitutively active GSK-3 P(S9A, S9E) mutants in 
5 . HEK-293 cells resulted in suppression of glycogen synthase activity (Eldar-Finkelman et 

al., PNAS, (93), 10228-10233, (1996)) and overexpression of GSK-3p in CHO cells, 

■ 

expressing both insulin receptor and insulin receptor substrate 1 (IRS-1), resulted in an 
impairment of insulin action (Eldar-Finkelman and Krebs, PNAS, (94), 9660-9664, 
(1997)). Recent evidence for the involvement of elevated GSK-3 activity and the 

10 development of insulin resistance and type II diabetes in adipose tissue has emerged Scorn 
studies undertaken in diabetes and obesity prone C57BL/6J mice (Eldar-Finkelman et al., 
Diabetes, (48), 1662-1666, (1999)). 

GSK-3 has been shown to phosphoiylate other proteins in vitro including the 
eukaiyotic initiation factor eIF-2B at Serine 540 (Welsh et al^ FEBS Letts., (421), 125- 
. IS 130,(1998)). This phosphorylation results in an inhibition of eIF-2B activity and leads to 
a reduction in this key regulatory step of translation. In disease states, such as diabetes, 
where there is elevated GSK-3 activity this could result in a reduction of translation and 
potentially contribute to the pathology of the disease. 

Several aspects of GSK-3 functions and regulation in addition to modulation of 

20 glycogen synthase activity indicate that inhibitors of this enzyme may be effective in 
treatment of disorders of the central nervous system. GSK-3 activity is subject to 
inhibitory phosphorylation by PI 3 kinase-mediated or Wnt-1 class-mediated signals that 
can be mimicked by treatment with lithium, a low mM inhibitor of GSK-3 (Stambolic V., 
Ruel L. and Woodgett JJL, Curr. Biol, (6), 1664-8, (1996)). 

25 GSK-3 inhibitors may be of value as neuroprotectants in treatment of acute stroke 

and other neurotraumatic injuries. Roles for PI 3-kdnase signalling through PKB/akt to 
promote neuronal cell survival are well established, and GSK-3 is one of a number of 
PKB/akt substrates to be identified that can contribute to the inhibition of apoptosis via 
this pathway (Pap and Cooper, J. Biol Chem., (273), 19929-19932, ((1998)). Evidence 

30 suggests that astrocytic glycogen can provide an alternative energy source to facilitate 

neuronal survival under conditions of glucose deprivation (for example, see Ransom B 

and Fern R., Glia, (21), 1 34-141, (1997) and references therein). Lithium is known to 
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protect cerebellar granule neurons from death (DTVIello et al., Exp. Cell Res., (211), 332- 
338, (1994) and Voionte et al., NeuroscL Letts., (172), 6-10, (1994)) and chronic lithium 
treatment has demonstrable efficacy in the middle cerebral artery occlusion model of 
stroke in rodents (Nonaka and Chuang, Neuroreport, (9), 2081-2084, (1998)). Wnt- 
5 induced axonal spreading and branching in neuronal culture models has been shown to 
correlate with GSK-3 inhibition (Lucas and Salinas, Dev. Biol, (192), 31-44, (1 997)) 
suggesting additional value of GSK-3 inhibitors in promoting neuronal regeneration 
following neurotraumatic insult. 

Tau and P-catenin, two known in vivo substrates of GSK-3, are of direct relevance 
10 in consideration of further aspects of the value of GSK-3 inhibitors in relation to 

treatment of chronic neurodegenerative conditions. Tau hypeiphosphorylation is an early 

■ 

. event in neurodegenerative conditions such as Alzheimer's disease (AD), and is 
postulated to promote microtubule disassembly. Lithium has been reported to reduce the 
phosphorylation of tau, enhance the binding of tau to microtubules, and promote 

1 5 microtubule assembly through direct and reversible inhibition of glycogen synthase 
kinase-3 (Hong M., Chen D.C., Klein P.S. and Lee VM, J. Biol. Chem., (272), 25326- 
32, (1 997). P-catenin is phosphorylated by GSK-3 as part of a tripartite complex with 
axin, resulting in P-catenin being targetted for degradation (Dceda et al., J. EMBO., (17), 
1371-1384, (1998)). Inhibition of GSK-3 activity is a key mechanism by which cytosolic 

20 levels of catenin are stabilised and hence promote P-caterrin-LEF- 1/TCF transcriptional 
activity (Eastman, Giosschedl, Curr. Opin. Cell Biol, (11), 233, (1999)). Rapid onset 
AD mutations in presenilin-1 (PS-1) have been shown to decrease the cytosolic p-catenin 
pool in transgenic mice. Further evidence suggests that such a reduction in available P- 
catenin may increase neuronal sensitivity to amyloid mediated death through inhibition of 

25 p-catenm-LEF-l/TCF transcriptional regulation of neuroprotective genes (Zhang et al. 9 
Nature, (395), 698-702, (1998)). A likely mechanism is suggested by the finding that 
mutant PS-1 protein confers decreased inactivation of GSK-3 compared with normal PS-1 
(Weihl C.C., Ghadge G.D., Kennedy S.G., Hay N., Miller RJ. and Roos R.P., J. 
NeuroscL, (19), 5360-5369, (1999)). 

30 International Patent Application Publication Number WO 97/41 854 (University of 

Pennsylvania) discloses that an effective drug for the treatment of manic depression is 
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lithium* but that there are serious drawbacks associated with this treatment Whilst the 
precise mechanism of action of this drug for treatment of manic depression remains to be 
fully defined, current models suggest that inhibition of GSK-3 is a relevant target that 
contributes to the modulation of AP-1 DNA binding activity observed with this 
5 compound (see Manji et a!., J. Clin. Psychiatry, (60) (suppl 2), 27-39, (1999) for review). 
GSK-3 inhibitors may also be of value in treatment of schizophrenia. Reduced 
levels of P-catenin have been reported in schizophrenic patients (Cotter D., Kerwin R-, al 
Sarraji S., Brion J .P., Chadwich A., Lovestone S., Anderton B. f and Everall L, 
Neuroreport, (9), 1379-1383, (1998)) and defects in pre-pulse inhibition to startle 

1 0 response have been observed in schizophrenic patients (Swerdlow et a/., Arch. Gen. 
Psycfuat, (51), 139-154, (1994)). Mice lacking the adaptor protein dishevelled- 1, an 
essential mediator of Wnt- induced inhibition of GSK-3, exhibit both a behavioural 
disorder and defects in pre-pulse inhibition to startle response (Li jam N., Paylor R., 
McDonald M J*., Crawley J.N., Deng CJi. 9 Herrup IL, Stevens K.E., Maccafeni G., 

1 5 McBain C. J., Sussman D.J., and Wynshaw-Boris A, Cell, (90), 895-905, (1 997)). 
Together, these findings implicate deregulation of GSK-3 activity as contributing to 
schizophrenia. Hence, small molecule inhibitors of GSK-3 catalytic activity may be 
effective in treatment of this mood disorder. 

The finding that transient {3-catenin stabilisation may play a role in hair 

20 development (Gat et a!., Cell, (95), 605-614, (1998)) suggests that GSK-3 inhibitors 
could be used in the treatment of baldness. 

Studies on fibroblasts from the GSK-30 knockout mouse (Hoeflich K.P. et al, 
Nature, (406), 86-90, (2000)) support a role for this kinase in positively regulating the 
activity of NFkB. This transcription factor mediates cellular responses to a number of 

25 inflammatory stimuli. Therefore, pharmacologic inhibition of GSK-3 may be of use in 
treating inflammatory disorders through the negative regulation of NFkB activity. 

The compounds of the present invention are pyrazolopyridine derivatives. Other 
pyrazolopyridine derivatives have been described previously for use in alternative 
medicinal applications. For example, International Patent Application Publication 

30 Numbers WO 97/23480 and WO 98/43962 describe various fused heterocyclic 

compounds, which may include pyrazolopyridazines, which are useful as antagonists of 
the a v P3~integrin and related cell surface adhesive protein receptors. Such compounds 
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are indicated to be useful in the treatment of conditions such as angiogenic disorders, 
inflammation, bone degradation, cancer metastasis, diabetic retinopathy, thrombosis, 
restenosis, macular degeneration, and other conditions mediated by cell adhesion and/or 
cell migration and/or angiogenesis. 
5 International Patent Application Publication Number WO 00/262 1 1 describes 

various fused heterocyclic compounds, which may include pyrazolopyri dines, which are 

■ 

useful in inhibiting thrombin and associated thrombotic occlusions. Such compounds are 
indicated to be useful in the treatment of conditions such as angina, myocardial infarction, 
thrombotic stroke, embolic stroke and the like. 

10 International Patent Application Publication Number WO 02/24694 describes a 

series of pyrazolopyridine and pyrazolopyridazine derivatives as inhibitors of GSK-3. 

We have now discovered that a series of pyrazolo[3,4-b]pyridines are potent and 
selective inhibitors of GSK-3. These compounds are indicated to be useful for the 
treatment and/or prophylaxis of conditions associated with a need for inhibition of GSK- 

15 3, such as diabetes, conditions associated with diabetes, chronic neurodegenerative 
conditions including dementias such as Alzheimer's disease, Parkinson's disease, 
progressive supranuclear palsy, subacute sclerosing panencephalitic parkinsonism, 
postencephalitic parkinsonism, pugilistic encephalitis, guam parkinsonism-dementia 
complex, Pick's disease, corticobasal degeneration, frontotemporal dementia, 

20 Huntingdon's disease, AIDS associated dementia, amyotrophic lateral sclerosis, multiple 
sclerosis and neuro traumatic diseases such as acute stroke, mood disorders such as 
schizophrenia and bipolar disorders, promotion of functional recovery post stroke, 
cerebral bleeding (for example, due to solitary cerebral amyloid angiopathy), hair loss, 
obesity, atherosclerotic cardiovascular disease, hypertension, polycystic ovary syndrome, 

25 syndrome X, ischaernia, traumatic brain injury, cancer, leukopenia, Down's syndrome, 
Lewy body disease, inflammation, and immunodeficiency. 
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Accordingly, in a first aspect, the present invention provides a compound of 
formula (I), 




5 

or a salt thereof; or a solvate thereof, wherein, 
Rl is -NRSCOR 6 , -NHCONHR? or -NHCO2R 8 ; 
R2isH; 

R3 is H, halo, -CN, -NO2, -NH2, alkyl, alkenyl, -C(OR 10 )=CHRl3, -NHCORH, - 
10 NHSO2R 12 , -C0 2 R 13 , -COCH2R 13 , -B(OR 14 )2, -CONHR 15 , -SPh, heteroaiyl or aryl 
wherein the aryl group may be optionally substituted by one or more halo substituents; 
R* is H, cycloC3.8 alkyl, heterocyclyl, heteroaryl wherein the heteroaryl group may be 
optionally substituted by alkyl and di-alkylaminoalkyi; or aryl wherein the aryl group may 
be optionally substituted by one or more groups selected from halo, -OH, -CF3, -CN, 
IS alkoxy and aiylalkoxy, or may be fused to a heterocyclic ring to form a bicyclic group; 
RSisHor alkyl; 

r6 is alkyl, alkenyl, cycloC3_8 alkyl, cycloC3_8 alkenyl, di-alkylaminoalkyl, arylalkyl, 
aryialkeayl, heterocyclyl wherein the heterocyclyl group may be optionally substituted by 
one or more groups selected from alkyl, arylalkyl and alkoxyalkyi; heterocyclylalkyl 

20 wherein the heterocyclyl may be optionally substituted by one or more groups selected 
from alkoxyalkyi, aiyloxyalkyl, arylalkyl and alkyl; heteroaryialkyi wherein the heteroaryl 
may be optionally substituted by one or more groups selected from alkyl; heteroaryl 
wherein the heteroaryl may be optionally substituted by one or more groups selected from 
aryl and heteroaryl; aryl wherein the aryl group may be optionally substituted by 

25 heterocyclylalkyl and di-alkylaminoalkyl; alkoxyalkyi wherein the alkoxy group may be 
optionally substituted by alkoxy; 

R? is alkyl or aryl wherein the aryl group may be optionally substituted by one or more 
groups selected from alkyl, alkoxy, -CN and -CC^R^; 

• 6 - 
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. R8 is alkyi or arylalkyl; and 
R9isalkyl; 
RlOisaDcyl; 

Rl 1 is alkyi, alkoxyalkyi, arylalkyl or aryl wherein the aryl group may be optionally 
5 substituted by one or more groups selected from halo; and 
r12 i s alkyi; 
Rl3isaHcyl; 

Rl4 is alkyi or two R 14 groups together fonn a ring system which may be further 
substituted by one or more alkyi group(s); 
10 R 15 is di-alkylaminoalkyi; 

with the proviso that when R* is ~NR 5 COR^ wherein R 5 is H and R^ is as hereinbefore 
defined, and R 2 and R 4 are H then R 3 is selected from H f halo, -CN, -NO2, -NH2, alkyi, 
alkenyl, -C(OR 10 )=CHRl3 > -NHCOR 11 , -NHSO2R 12 , -C0 2 R 13 ^OCH 2 R 13 , - 
CONHR 15 or-SPh. 

15 

Suitably, R 1 is -NR^COR 6 . More suitably, R* is -NHCOMe, -NHCOPr°, - 
NHCOPr 1 , -N(Et)COPrn -NHCOBuS, -NHCO(CH2)4-tbiomoipholin^-yl, -NHCOcyclo- 
Propyl, -NHCOcyclo-Pentyl, -NHCO-4-(N-Me-Piperidyl), -NHCO(CH2)3-(4-Et- 
Piperaziii-l-yl), -NHCO(CH2)3NMe2, -NHCO(CH2)2(6-Me-Pyridin-3-yl), -NHCO-[3- 
20 (pyrid-2-yl)-Ph], -NHCO-[4-(CH2(pyirolidin-l-yl>Pli], -NHCO-[6-(3-Pyridyl)-pyrid-3- 

yl], -NHCO-3-(N-CH2Pli-PyiTolidinyl), -NHCX)-4-(N-((CH2)20 Me )- pi P e ridyl). - 
MLCOCRQAe)(CHte-(4-Bt-j>iperzzan-l-yl), -NHCOCH 2 (N-(CH2)20Me-Piperidu 
yl), -NHCOCH 2 (N-<CH2)20Ph-Piperidm-4-yl), -NHCOCH2(N-CH 2 Ph-Piperidiii-4-yl), - 
NHCOCH2(N-Et-Piperidjn-4-yl), -NHCOCH 2 0(CH2)20Me, -NHCOCH 2 OMe, - 
25 NHCO(CH2)2-moipholin-4-yl, -NHCO(CH2>3(pytTolidin-l-yl), -NHCO-[4- 

(CH 2 (piperidin-l-yl)-Ph], -NHCO-[4-(CH2NEt2)-Ph], -NHCO-4-(N-(CH2)20Et- 

Piperidyl) or -NHCOCH2NMe2. 

Suitably, R 1 is -NHCONHR 7 . More suitably, R 1 is NHCONHEt, -NHCONH(2- 
Me-Ph), -NHCONH(2-MeO-Ph), -NHCONH(2-CN-Pli), or-NHCONH(2-C0 2 Me-Ph). 
30 Suitably, R 1 is NHCO2R 8 . Morc suitably, R 1 is -NHC02Et, -NHCC^Pr* or - 

NHC02CH2Ph.Most suitably, R* is -4SIHCOMe, -NHCOPr^, -NHCOPri, -N(Et)COPrD, 
-NHCOBu s , OmCO(OT2)4-toomorpholin-4-yI, -NHCOcyclo-Propyl, -NHCOcyclo- 

-7- 



WO 03/068773 PCT/GB03/00S76 



Pajtyl, -NHCO-4-CN-Me-Piperidjd), -NHCO(CH2)3-(4-Et-Kpera2m-l-)1), - 
NHCO(CH2)3NMe2, -NHCONHEt, -NHCONH(2-M&-Ph), -NHCONH(2-MeO-Ph), - 
NHCONH(2-CN-Ph), -NHCONH(2-C02Me-Ph), -NHCC^Et, -NHCC^Pri, - 
NHC02CH 2 Ph, -NHCO(CH2)2(6-Me-Pyridm-3-yl), -NHCO-[3-(pyrid-2-yl)-Ph], - 
5 NHGO-[4-(CH2(pynolidin-l-yO-Ph], -NHCO-[6-(3-Pyridyi)-pyrid-3-yl], -NHCO-3-(N- 
CH2Ph-Pyirolidinyl), -NHCO-4-(N-((CH2)20Me)-PiperidyI) F -NHCOC3I(Me)(CH2)2- 
(4-Et-piperazin-l-yl), -NHCOCH2(N-(CH2)20Me-Piperidin-4-yl), -NHC0CH 2 (N- 
(CH^OPh-Piperidin-^yl), -NHCOGH 2 (N-CH2Pb-Piperidin-4-yl), -NHCOCH 2 (N-Et- 
Piperidin-4-yl), -NHCOC^CKCH^OMe, -NHCOCH 2 OMe, -NHCO(CH2)2- 
10 moipholin-4-yi, -NHCO(CH 2 )3(py irolidiQ - 1 -yD. -NHCO-[4-(CH20piperidiii-l-yl)-Ph], - 
NHCO-[4-(CH2NEt2)-Ph] , -NHCO-4-(N-(CH2) 2 OEt-Piperidyl) and -NHCOCH2NMe2. 

• ■ • 

Suitably, R 3 is H, halo, -CN, -NO2 or alkyL Suitably, R 3 is aryl wherein the aryl 
group may be optionally substituted by one or more halo substituents. Most suitably, R 3 
is H, methyl, phenyl, bromo, chloro, iodo, cyano, pinacolboronato, -CH 2 CH=CH2, - 

15 CH=CH2, -C(OEt)=CH 2 , 2-fluorophenyl, -COMe, 3-fluorophenyi, -NO2, -NHCOMe, - 
NHCOPr*, -NHS0 2 Me, -NH 2 , -NHCOPh, -NHCO(2,3-difluorophenyl), -NHCOCH 2 Fh, 
-NHCOCH 2 OMe, 3-pyridyl, -C0 2 Et, -CONH(CH 2 ) 2 NMe 2 and-SPh. 
Suitably, R 4 is H. Suitably, R 4 is cycloC3_8 alkjd, heterocyclyl, heteroaiyl wherein the 
heteroaiyl group may be optionally substituted by alkyi and di-alkylaminoalkyl. Suitably, 

20 R 4 is aryl wherein the aryl group may be optionally substituted by one or more groups 
selected from halo, -OH, -CF3, -CN, alkoxy and axylalkoxy, or may be fused to a 
heterocyclic ring to fonn a bicyclic group. Most suitably, R 4 is H, phenyl, 4- 
chlorophenyl, 3-trifluoromethylphenyl, 2-hydroxypbenyi, 3-hydroxyphenyi, 4- 
hydroxyphenyi, 3,4-dihydroxyphenyl, 3,4-methylenedioxyphenyl, 4-benzyloxyphenyl, 2- 

25 metboxyphenyl, 3-methoxyphenyl, 4-methoxyphenyi, 4-pyridyl, 3-chloro-4- 

hydroxyphenyl, 3-bromo-4-hydroxyphenyl, 2-thienyl, 2-furyl, 2-thiazolyl, 3-CN-Ph, 5- 
(CH 2 NMe2)-Furan-2-yl, 5-Me-Furan-2-yl and cyclo-PropyL 
Suitably, R 5 is H Suitably, R 5 is alkyl. 



30 
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In a preferred aspect of the present invention there is provided a subset of 
compounds of formula (I), of formula (IA), 




10 



15 



20 



25 



or a salt thereof; or a solvate thereof; wh< 

Rl is -NR5COR6, -NHCONHR7 or -NHC0 2 R 8 ; , 
R2 is H; 

R3 is H, halo, -CN, -NO* -NH 2 , alkyl, alkenyl, -CCORIOKSIR", -NHCOR* 
-NHSO2R 12 , -C0 2 R 13 , -COCH 2 R 13 , -BfORl^ -CONHRlS, -SPh, heteroaryl or aryl 
wherein the aryl group may he optionally substituted by one or more halo substituents; 

R 4 is H, cycloC3.g aDcyi, heterocyclyl, heteroaryl wherein the heteroaryl group 
maybe optionally substituted by alkyl and di-alkylaminoalkyl; or aryl wherein the aryl 
group may be optionally substituted by one or more groups selected from halo, -OH, - 
CF3, -CN, alkoxy and arylalkoxy, or may be fused to a heterocyclic ring to form a 
bicyclic group; 

R 5 isHoraIkyl; - 
R 6 is alkyl, cyc!oC3_g aIk >^» di-alkylaminoalkyl, heterocyclyl wherein the 
heterocyclyl group maybe optionally substituted by one or more groups selected from- 
alkyl, arylalkyl and alkoxyalkyl; heterocyclylalkyl wherein the heterocyclyl may be 
optionally substituted by one or more groups selected from alkoxyalkyl, aryloxyalkyl, 
arylalkyl and alkyl; heteroaiylalkyl wherein the heteroaryl may be optionally substituted 
by one or more groups selected-from alkyl; heteroaryl wherein the heteroaryl maybe 
optionally substituted by one or more groups selected from aryl and heteroaryl; aryl 
wherein the aryl group may be optionally substituted by heterocyclylalkyl and di- 
alkylaminoalkyl; alkoxyalkyl wherein the alkoxy group may be optionally substituted by 
alkoxy; 
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* 

R? is alkyl or aiyl wherein the aiyl group maybe optionally substituted by one or 
more groups selected from alkyl, alkoxy, -CN and CO2R?; 
r8 is alkyl or arylalkyl; 
R^isalkyl; 
5 RlOis alkyl; 

* 

■ • * • 

Rl 1 is alkyl, alkoxyalkyl, arylalkyl or aiyl wherein the aiyl group may be 
optionally substituted by one or more groups selected from halo; and 
Rl2 is alkyl; 
Rl3 is alkyl; 

10 Rl* is alkyl or two Rl4 groups together form a ring system which may be further 

substituted by one or more alkyl group(s); 

» 

Rl5 is di-alkylaminoalkyl; 
with the proviso that when R* is -NR^COR^ wherein R5 is H and R^ is as hereinbefore 
defined, and R 2 and R 4 are H then R 3 is selected from H, halo, -CN, -NO2, -NH2, alkyl, 
15 alkenyl, -C(ORl0)=CHRl 3 , -NHCORl -NHS0 2 R 12 , -CO2RI ^OCKfcR 1 3 - 
CONHR^or-SPh. 

Suitably R 3 is H, chloro, bromo, iodo, cyano, alkyl and aryl. 

In a further preferred aspect of the present invention there is provided a subset of 
compounds of formula (I), of formula (IB), 



20 




1 



or a salt thereof, or a solvate thereof, wherein, 

Rl is -NHCOMe, -NHCOPr» -NHCOPr*, -N(Et)COPi°, -NHCOBuS, - 
NHCO(CH2)4-thiomoipholin-4-yl, -NHCOcyclo-Propyl, -NHCOcyclo-Pentyl, -NHCO- 
25 4-(N-Me-Piperidyl), -NHCO(CH2)3-(4-Et-Piperazin-l-yl), -NHCO(CH2)3NMe2, - 
NHCONHEt, -NHCONH(2-Me-Ph), -NHCONH(2-MeO-Ph), -NHCONH(2-CN-Ph), - 
NHCONH(2-C02Me-Ph), -NHC0 2 Et, -NHCC^Pr 1 , -NHC02CH 2 Ph, NHCO(CH2)2(6- 
Me-Pyridin-3-yl), imCO-[3-(pyrid-2-yl)-Ph], NHCO-[4-(CH2(pyrroKdin-l-yl>Ph], 
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NHCO-[6-(3-Pyridyl)-pyrid-3-yI], NHCO-3-(N-OT2Ph-Pyrohdinyl), NHCO-4-(N- 
((CH2)20Me)-PiperidyI), NHCOCH(Me)(CH2)2-(4-Et-piperazin-l-yi), NHCOGH 2 (N- 
(CH2)20Me.Piperidin-4-yl) s NHCOCH 2 (N-<CH2)20Ph-Piperidin-4-yl), NHCOCH 2 (N- 
CT 2 Ph-Piperidin4-yl), NHCOCH 2 (N-Et-Piperidin-4-yl), NHCOCH 2 0(CH2)20Me, 
5 NHCOCH 2 OMe, -NHCO(CH2)2-morpholin-4-yl, -NHCO(CH2)3(pyrrolidin-l -yl), - 
NHCO-[4-(CH2(piperidiD-l-yl)-Ph], -NHCO-[4-<CH2NEt2)-Ph], -NHCO-4-(N- 
(CH^OEt-Kperidyl) and -NHCOO^NM^i 
R 2 isH; 

R^ is H, methyl, phenyl, bromo, chloro, iodo, cyano, pinacolborcmato, - 

1 0 CH2C H=CH 2» -CH=CH2, -C(OEt)=CH2, 2-fluorophenyl, -COMe, 3-fluorophenyl, - 
NO2, -NHCOMe, -NHCOPr 1 , -NHS02Me, -NH 2 , -NHCOPh, -NHCO(2,3- 
difluorophenyl), -NHCOCH2 Ph . -NHCOCH20Me, 3-pyridyl, -C02Et, - . 
CONH(CH 2 )2NMe2 > and -SPh; 

is H, phenyl, 4-chlorophenyl, 3-trifluoromethylphenyl, 2-hydroxyphenyl, 3- 

1 5 hydroxyphenyl, 4-hydroxyphenyL 3 ,4-dihydroxyphenyl, 3,4-methyienedioxyphenyl, 4- 
benzyloxyphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 4-pyridyl, 3- 
chloro-4-hydroxyphenyl, 3-bronio-4-hydroxyphenyl and 2-thienyl, 2-furyl 2-thiazolyl, 3- 
CN-Ph, 5-(CH2NMe2)-Furan-2-yl, 5-Me-Furan-2-yl and cyclopropyi; 

with the proviso that when R* is -NHCOMe, -NHCOPr 11 , rNHCOPr*, - 

20 NHCOBu s , -NHCO(CH2)4-thiomorpholin-4-yl, -NHCOcyclo-Propyl, -NHCOcyclo- 
Pentyl, -NHCO-4-(N-Me-Piperidyl), -NHCXD(CH2)3-(4-Et-PipeTazin-l-yl), - 
NHCO(CH2)3NMe2, NHCO(CH2)2(6-Me-Pyridin-3-yl), NHCO-[3-(pyrid-2-yl)-Ph], 
>fflCO-[4-(CH2(pvrrohdm-l-yl)-Ph^ NHCO-[6-(3-Pyridyl)-pyrid-3-yl], NHCO-3-(N- 
CH 2 Ph-PyiToUdinyl), NHCO-4-(N-((CH 2 )20Me)-Piperidyl), NHCOCH(MeXCH2)2-(4- 

25 Et-piperazin- 1 -yl), NHCOCTl2(N-(CH2)20Me-Piperidin-4-yl), NHCOCH 2 (N- 

(CH2)20 ph - pi Peri d in- 4 -yi). NHCOCH2(N-CH2Ph-Piperidin-4-yl), NHCOCH 2 (N-Et- 
Piperidin-4-yl), NHCOCH 2 °( CH 2)2 OM e, NHCOCH 2 OMe, -NHCO(CH2)2- moI P holin - 
4-yl, -NHCO(CH2) 3 (pvJToHdm-l-yl), -NHCO-[4-(CH 2 (piperidin-l-yl)-Ph], -NHCO-[4- 
(CH2NEt2)-Ph], -NHCO-4-(N-(CH2)20 Et -Piperi<Jyl) and -NHCOCH2NMe2; and R 2 

30 and R^ are H, then R^ is selected from H, methyl, bromo, chloro, iodo, cyano, - 

CH 2 CH = CH 2) -CH=CH 2 » -C(OEt)=CH2. -COMe, -NO2, -NHCOMe, -NHCOPri, - 
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NHSC^Me, -NH 2 , -NHCOPh, -NHCO(2,3 -difluoropheayl), -NHCOCH 2 Ph - 
NHCOCH 2 OMe, CC^Et, CX)NH(CH 2 )2NMe2 J and -SPh. 

Particularly preferred compounds of formula (I) which are of special interest as 
agents useful in the treatment and/or prophylaxis of conditions associated with a need for 
5 inhibition of GSK-3 are provided in Table 1 below. 

Certain compounds of formula (J) may contain chiral atoms and/or multiple 
bonds, and hence may exist in one or more stereoisomers forms. Hie present invention 
encompasses all of the isomeric forms of the compounds of formula Q) whether as 
individual isomers or as mixtures of isomers, including geometric isomers and racemic 
10 modifications. 

As used herein the term "alkyl" as a group or part of a group refers to a straight or 
branched chain saturated aliphatic hydrocarbon radical containing 1 to 12 carbon atoms, 
suitably 1 to 6 carbon atoms. Such alkyl groups in particular include methyl ("Me"), ethyl 
("Et"). n-propyl CPr nn ), wo-propyl ("Pri"), n-butyl ("Bu^"), sec-butyl ("BuS"), tert-butyl 
15 ("But"), pentyl and hexyl. Where appropriate, such alkyl groups may be substituted by 
one or more groups selected from halo (such as fluoro, chloro, bromo), -CN, -CF3, -OH, 
-OCF3, alkenyl, C3.6 alkynyl, C^g alkoxy, aryl and di-Cj-g alkylamino. 

■ 

As used herein the term "alkenyl" as a group or part of a group refers to a straight 
or branched chain mono- or poly- unsaturated aliphatic hydrocarbon radical containing 2 

20 to 12 carbon atoms, suitably 2 to 6 carbon atoms. References to "alkenyl" groups include 
groups which may be in the E- or Z-form or mixtures thereof Such alkenyl groups in 
particular include ethenyl, propenyl, butenyl, pentenyl and hexenyL Where appropriate, 
such alkenyl groups may be substituted by one or more groups selected from halo (such as 
fluoro, chloro, bromo), -CN, -CF3, -OH,-OCF3, Cl-6 aJkyl C3.6 alkynyl, Ci_6 alkoxy, 

25 aryl and di-Cj^g alkylamino. 

As used herein the term "alkynyl" refers to hydrocarbon groups of either straight 
or branched configuration with one or more carbon-carbon triple bonds which may occur 
at any stable point in the chain, containing 3 to 12 carbon atoms, suitably 3 to 6 carbon 
atoms. Such alkynyl groups in particular include propynyl, butynyl and pentynyl. Where 

30 appropriate, such alkynyl groups may be substituted by one or more groups selected from 
halo (such as fluoro, chloro, bromo), -CN, -CF3, -OH, -OCF3, Ci.<j alkyl, C2.6 alkenyl, 
C]_6 alkoxy, aryl and di-Cj_6 alkylamino. 

-12- 



WO 03/068773 PCT/GB03/00576 
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As used herein, the term "alkoxy" as a group or part of a group refers to an alkyl 
ether radical, wherein the term "alkyF is defined above. Such alkoxy groups in particular 
include methoxy, ethoxy, n-propoxy, wopropoxy, n-butoxy, fro-butoxy, sec-butoxy and 

♦ 

terf-butoxy. Where appropriate, such alkoxy groups may be substituted by one or more 
5 groups selected from halo (such as fhioro, chloro, bromo), -CN, -CF3, -OH, -OCF3, 
alkyl, C2-6 alkenyl, C3.6 alkynyl, aryl and di-Ci.g alkylamino. 

* 

As used herein, the term "aryl" as a group or part of a group refers to a carbocyclic 
aromatic radical. Suitably such aryl groups are 5-6 membered monocyclic groups or 8-10 
membered fused bicyclic groups, especially phenyl ("PIT), biphenyi and naphthyl, 
10 particularly phenyl. Such aryl groups may be optionally substituted with one or more 
substituents, which may be the same or different, selected from halo (such as fluoro, 
chloro, bromo), -CN, -CF3, -OH, -OCF3, -NO2, C1.6 alkyl, C2-6 alkenyl, Cj^ alkynyl, 
Ci_<; alkoxy and di-Cj^ aDcylamino. 

■ 

As used herein, the term "heteroaryl" as a group or part of a group refers to stable 

- 

IS heterocyclic aromatic single and fused rings containing one or more hetero atoms 

independently selected from nitrogen, oxygen and sulfur. A fused heteroaryl ring system 
may include carbocyclic rings and need include only one heteroaryl ring. Such heteroaryl 
groups include fuiyl, thienyl, pyridazinyl, pyridyl, quinolinyl, indolyL, thiazolyl, 
benzoxazolyl, and benzo thiazolyl. Each ring may be optionally substituted with one or 

20 more substituents, which may be the same or different, selected from halo (such as fluoro, 
chloro, bromo), -CN, -CF3, -OH, -NO2, -OCF3, alkyl, C2-6 alkenyl, C3.6 alkynyl, 
C\„6 alkoxy, aryl, heteroaryl, and di-Ci-g alkylamino. 

As used herein, the terms "heterocyclyl" and ,f heterocyclic" as a group or part of a 

■ 

group refer to stable heterocyclic non-aromatic single and fused rings containing one or 
25 more hetero atoms independently selected from nitrogen, oxygen and sulfur. A fused 
heterocyclyl ring system may include carbocyclic rings and need include only one 
heterocyclic ring. Such heterocyclyl groups include piperazinyl, piperidinyl and 
morpholinyl. Each ring may be optionally substituted with one or more substituents, 
which may be the same or different, selected from halo (such as fluoro, chloro, bromo), - 
30 CN, -CF3, -OH, -NO2, -OCF3, Ci-6 alkyl, C2-6 alkenyl, C3.6 alkynyl, C^g alkoxy, 
aryl, heteroaryl, and di-Cj _6 alkylamino. 
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As used herein the terms "halo" include iodo, brumo, chloro or Audio, suitably 
bromo, chloro and fluoro, especially brcmo and chloro. 

Composite terms such as "alkoxyalkyl" and "aiylalkyT refer to substituents 
comprising two interlinked groups, with the group named latterly in the term being the 
5 linking group, so that "alkoxyalkyl" means ~(aIkyl)-(aIkoxy) whilst "aiylalkyl" means - 
(alkyl)-(aryl). 

The compounds of formula 0) or their salts or solvates are preferably in 
pharmaceutical^ acceptable or substantially pure form. By pharmaceutical^ acceptable 
form is meant, inter alia, having a pharmaceutical^ acceptable level of purity excluding 
1 0 normal pharmaceutical additives such as diluents and carriers, and including no. material 
considered toxic at normal dosage levels. 

» 

A substantially pure form will generally contain at least 50% (excluding normal 

» * 

pharmaceutical additives), preferably 75%, more preferably 90% and still more preferably 
95% of the compound of formula Q) or its salt or solvate. 

» 

1 5 One preferred pharmaceutical^ acceptable form is the crystalline form, including 

such form in pharmaceutical composition, hi the case of salts and solvates the additional 
ionic and solvent moieties must also be non-toxic. 

Suitable salts are phaimaceutically acceptable salts. 

Suitable pharmaceutical^ acceptable salts include the acid addition salts with the 
20 conventional pharmaceutical acids, for example maleic, hydrochloric, hydrobromic, 

phosphoric, acetic, fumaric, salicylic, citric, lactic, mandelic, tartaric, succinic, benzoic, 
ascorbic and methanesulphonic. 

Suitable pharmaceutical^ acceptable salts include salts of acidic moieties of the 
compounds of formula (T) when they are present, for example salts of carboxy groups or 
25 phenolic hydroxy groups. 

Suitable salts of acidic moieties include metal salts, such as for example 
aluminium, alkali metal salts such as lithium, sodium or potassium, alkaline earth metal 
salts such as calcium or magnesium and ammonium or substituted ammonium salts, for 
example those with lower alkylamines such as triethylamine, hydroxyalkylamines such as 
30 2-hydroxyethylamine, bis-(2-hydroxyethyl)-amine or tri-(2-hydroxyemyl)-ammei 
cycloalkylamines such as bicyclohexylamine, or with procaine, dibenzylpiperidine, 
N-benzyl-P-phenemylamine, dehydroabietylamine, N^T-bisdehydroahietylamine, 

- - 
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glucamine, N-methylglucamine or bases of the pyridine type such as pyridine, collidine, 
quinine or quinoline. 

Suitable solvates are phannaceutically acceptable solvates. 

Suitable pharmaceutical^ acceptable solvates include hydrates. 
5. For the avoidance of doubt when used herein the term "diabetes" includes diabetes 

* 

mellitus, especially Type 2 diabetes, and conditions associated with diabetes mellitus. 
Hie term "conditions associated with diabetes" includes those conditions 

associated with the pre-diabetic state, conditions associated with diabetes mellitus itself 

and complications associated with diabetes mellitus. 
10 The term "conditions associated with the pre-diabetic state" includes conditions 

such as insulin resistance, impaired glucose tolerance and hyperinsulinaemia. 
Hie term "conditions associated with diabetes mellitus itself" includes 

hyperglycaemia, insulin resistance and obesity. Further conditions associated with 

diabetes mellitus itself include hypertension and cardiovascular disease, especially 
1 5 atherosclerosis and conditions associated with insulin resistance. Conditions associated 

with insulin resistance include polycystic ovarian syndrome and steroid induced insulin 

resistance. 

Hie term "complications associated with diabetes mellitus" includes renal disease, 
especially renal disease associated with Type II diabetes, neuropathy and retinopathy. 
20 Renal diseases associated with Type II diabetes include nephropathy, glomerulonephritis, 
glomerular sclerosis, nephrotic syndrome, hypertensive nephrosclerosis and end stage 

» 

renal disease. 

The term "neurotraumatic diseases" includes both open or penetrating head 
trauma, such as caused by surgery, or a closed head trauma injury, such as caused by an 
25 injury to the head region, ischaemic stroke including acute stroke, particularly to the brain 
area, transient ischaemic attacks following coronary by-pass and cognitive decline 
following other transient ischaemic conditions. 

According to a further aspect of the present invention there is provided a process 
for the preparation of a compound of formula (1) wherein R* is -NR 5 COR 6 and wherein 
30 R 2 , R 3 , R 4 9 R 5 and R 6 are as hereinbefore defined, or a salt and/or solvate thereof, which 
process comprises reacting a compound of formula (II), 

-15- 



WO 03/068773 



PCT/GBO3/0O576 




CD 

< 

wherein R^, R^ f and R^ are as defined in relation to formula (I) with a compound of 
formula (HI), 



X^R< 



(m) 



wherein R*> is as defined in relation to formula Q) and X is a suitable leaving group and 
thereafter, if required, carrying out one or more of the following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

10 (iii) preparing an appropriate derivative of the compound so formed* 

Suitably X is chloro. It will be appreciated that compounds of formula (m) may 
also include related carboxylic acid anhydrides. 

It will be appreciated that where R^ is alkyl, compounds of formula (II) may be 
prepared from other compounds of formula (II) where R^ is H, by conventional 
IS procedures, such as acylation and subsequent reduction. 

The reaction between the compounds of formulae (II) and (ID) is carried out in a 
suitable solvent, under conventional conditions, at a suitable temperature, providing a 
suitable rate of formation of the required product, over a suitable reaction time. A 
suitable solvent is pyridine. Suitable reaction temperatures include those in the range of 
20 20°C to 220°C and, as appropriates the reflux temperature of the solvent Suitable 

reaction times are those in the range 0.1 to 72 hours. The reaction products are isolated 
using conventional methods. Conventional methods of heating and cooling may be 
employed, for example thermostatically controlled oil baths and ice/salt baths 
respectively. The reaction products are typically purified by conventional methods, such 
25 as crystallisation, chromatography and trituration. Crystalline product may be obtained by 
standard methods. 
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■ • 

In a preferred aspect, a compound of formula (EH), such as acetic anhydride, is 
added to a solution of the compound of formula (II) in pyridine, with stirring. The 
reaction mixture is heated under reflux for 16 hours, allowed to cool to ambient 
temperature and then treated with a suitable acid, such as hydrochloric acid. The resulting 
5 solid is isolated by filtration, washed with a suitable solvent, such as water, and 

recrystallised from a suitable solvent, such as dimethylformamide, to afford the desired 

- 

compound of formula (I). 

In a further preferred aspect, to a compound of formula (II) in pyridine is added a 
compound of formula (ED), such as butyrylchloride. The reaction mixture is heated under 
10 reflux, with stirring, for 16 hours. Upon cooling the solvent is removed in vacuo, to 
afford a residue which is taken up in a suitable solvent, such as methanol, and passed 
through an SCX cartridge with a suitable solvent, such as methanol. Product material is 
eluted using a suitable solvent such as methanolic ammonia solution- Further 
purification using silica chromotagraphy with one or more suitable solvents, such as 10% 
IS methanol in dichloromethane, affords a residue which is triturated with a suitable solvent, 
such as dichloromethane, to afford the desired compound of formula (I), 

In still a further preferred aspect, to a stirred solution of a compound of formula 
(II) in dry pyridine is added a compound of formula (HI), such as cyclopropyl carbonyl 
chloride. The solution is heated under reflux with stirring for 1 hour, allowed to cool and 
20 the resulting mixture concentrated. The resulting residue is triturated with 
dichloromethane/methanol to afford die desired compound of formula (I). 

ha still a further preferred aspect, a compound of formula (HI), such as isobutyryi 
chloride, is added to a solution of a compound of formula (II) in hot pyridine. The 
reaction mixture is stirred under reflux for 55 hours, allowed to cool, and the solvent 
25 removed in vacuo. The resulting residue is purified using silica gel chromatography with 
one or more suitable solvents, such as 1 0% methanol/dichloromethane, to afford the 
desired compound of formula (I). 

In still a further preferred aspect, a compound of formula (II) is added to a stirred 
solution of a compound of formula (IE), such as 4-(4-ethylpiperazin-l-yl)-butyryl chloride 
30 hydrochloride salt, in dry pyridine at room temperature under an argon atmosphere. The 
mixture is heated under reflux for 16 hours, allowed to cool, and water is added to the 
resulting solution, which is subsequently evaporated to dryness. Ethanol is added to the 
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residue and the resulting solution is evaporated to dryness. Hie residue is dissolved in a 
suitable solvent, such as dimethylform amide, and purified by preparative HPLC with one 
or more suitable solvents, such as a gradient of 10-90% acetonitrile (0.1% trifluoroacetic 
acid) in water (0.1% trifluoroacetic acid). The resulting product is passed through an 
5 SCX cartridge with a suitable solvent, such as methanol. Product material is eluted using 
a suitable solvent such as methanolic ammonia solution. The resulting solution is then 
evaporated to dryness, dissolved in methanol and treated with a suitable acid, such as 
maleic acid to give the desired compound of formula Q). 

Compounds of formula (T) wherein R 1 is -NR 5 COR 6 and wherein R 2 , R 3 , R 4 , 
10 R 5 and R^ are as hereinbefore defined, or a salt and/or solvate thereof may also be 
prepared by reaction of a compound of formula (II), 




(n) 



15 wherein R 2 , R3, R 4 and R 5 are as defined in relation to formula (I) with a compound of 
formula (IV), 



Hcr r6 (iv) 

wherein R6 is as defined in relation to formula (I), in the presence of a suitable coupling 
20 reagent and a suitable base and thereafter, if required, carrying out one or more of the 
following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (T); 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed; 
25 thereby constituting a further aspect of the present invention. 

The reaction between the compounds of formulae (II) and (IV) is carried out in a 
suitable solvent, under conventional conditions, at a suitable temperature, providing a 

* 
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suitable rate of formation of the required product, over a suitable reaction time. A 
suitable coupling reagent is 0^7-azabenzotria2fll-l -yl^NjN^ 
hexafluorophosphate. A suitable base is a tertiary amine. A suitable solvent is 
dimetbylformamide. Suitable reaction temperatures include those in the range of 20°C to 
5 60°C and, as appropriate, the reflux temperature of the solvent Suitable reaction times 
are those in the range 12 to 72 hours. The reaction products are isolated using 
conventional methods. Conventional methods of heating and cooling may be employed, 
for example thermostatically controlled oil baths and ice/salt baths respectively. The 
reaction products are typically purified by conventional methods, such as crystallisation, 

* ■ 

1 0 chromatography and trituration. Crystalline product may be obtained by standard 
methods. 

In a preferred aspect, to a stirred solution of a compound of formula (II) in 
dimethylformamide is added a compound of formula (II), such as 3-methyIbutyric acid, 
0-(7-azabenzotriazol-l -yi)-NJ^J^^tetramethyluronium hexafluorophosphate and a 

IS suitable base, such as triethylamine. The solution is stirred under ambient conditions for 
16 hours. Additional 0^7-azabenzotriazol-l -yl)-N>T^^ tetramethyluronium 
hexafluorophosphate and base are added to the reaction mixture and it is allowed to stir 
for a further 3 hours. The resulting mixture is concentrated in vacuo to afford a residue, 
which is passed through an SCX cartridge with a suitable eluant such as methanol. 

20 Typically, the mixture is further purified by preparative HPLC using one or more suitable 
solvents, such as a gradient of 10-90% acetonitrile containing 0.01% trifluoroacetic acid. 
The solvent is removed from the resulting solution to afford the desired compound of 
formula (I). 

According to a further aspect of the present invention there is provided a process 
25 for the preparation of a compound of formula Q) wherein R* is -NHCONHR? and 

wherein R^, r3, r4 and R? are as hereinbefore defined, or a salt and/or solvate thereof 
which process comprises reacting a compound of formula (IT), 
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wherein R^, r3, r4 are as defined in relation to formula Q) and R5 is H, with a 
compound of formula (V), 

R— NCO^ 

5 

wherein R 7 is as defined in relation to formula (0 and thereafter, if required, carrying out 
one or more of the following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

1 0 (iii) preparing an appropriate derivative of the compound so formed. 

The reaction between the compounds of formulae (II) and (V) is carried out in a 
suitable solvent, under conventional conditions, at a suitable temperature, providing a 
suitable rate of formation of the required product, over a suitable reaction time. A 
suitable solvent is pyridine. Suitable reaction temperatures include those in the range of 

15 20°C to 220°C and, as appropriate, the reflux temperature of the solvent Suitable 

reaction times are those in the range 12 to 48 hours. The reaction products are isolated 
using conventional methods. Conventional methods of heating and cooling may be 
employed, for example thermostatically controlled oil baths and ice/salt baths 
respectively. The reaction products iare typically purified by conventional methods, such 

20 as crystallisation, chromatography and trituration. Crystalline product may be obtained by 
standard methods. 

In a preferred aspect, to a stirred solution of a compound of formula (II) in dry 
pyridine is added a compound of formula (ID) such as ethyl isocyanate. After 18 hours, a 
suitable acid, such as hydrochloric acid, is added to the reaction mixture. The resulting 

« 

25 precipitate is isolated by filtration to afford the desired compound of formula (J). 

According to a further aspect of the present invention there is provided a process 
for the preparation of a compound of formula (T) wherein R' is -NHCO2R8 and wherein 

■ 
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R 2 , R 3 , R 4 and R 8 are as hereinbefore defined, or a salt and/or solvate thereof which 
process comprises reacting a compound of formula (IT), 




(H) 

5 wherein R 2 , R 3 , R 4 are as defined in relation to formula Q) and R 5 is H, with a 
compound of formula (VI), 

o 



X ° r8 (V1) 

wherein is as defined in relation to formula (J) and thereafter, if required, carrying out 
1 0 one or more of die following optional steps: 

(i) converting a compound of fonnula (I) to a further compound of formula (T); 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed. 

The reaction between the compounds of formulae (II) and (VI) is carried out in a 
1 5 suitable solvent, under conventional conditions, at a suitable temperature, providing a 
suitable rate of formation of the required product, over a suitable reaction time. It will be 
appreciated that the reaction between a compound of formula (IT) and a compound of 
fonnula (VI) may be assisted by the presence of a suitable catalyst such as 4- 
(dimethylaminopyridine). Suitable solvents include pyridine and tetrahydrofitran. 
20 Suitable reaction temperatures include those in the range of 20°C to 220°C and, as 

appropriate, the reflux temperature of the solvent Suitable reaction times are those in the 
range 12 to 48 hours. The reaction products are isolated using conventional methods. 
Conventional methods of heating and cooling may be employed, for example 
thermostatically controlled oil baths and ice/salt baths respectively. The reaction products 
25 are typically purified by conventional methods, such as crystallisation, chromatography 
and trituration. Crystalline product may be obtained by standard methods. 
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la a preferred aspect, to a compound of formula (II) in dry pyridine is added 4- 
(dimethylamino)pyridine and a compound of formula (VI), such as ethyl chlorofonnate. 
The reaction mixture is heated in an argon atmosphere, under reflux, for 16 hours. Upon 
cooling, the reaction mixture is evaporated in vacuo to afford a residue, which is triturated 
5 with a suitable solvent, such as dichloromethane. The resulting solid is purified by silica 
gel chromatography using one or more suitable solvents, such as 5% 
methanol/dichloromethane to afford the desired compound of formula (I). 

In a still further preferred aspect, to a stirred suspension of a compound of formula 

* 

(II) in dry tetrahydrofuran is added 4-(dimethylamino)pyridine and a compound of 
10 formula (VI), such as isopropyl chlorofonnate. The reaction mixture is stirred for 16 

* ♦ - 

hours and subsequently concentrated in vacuo. The resulting solid is purified by silica gel 
chromatography with one or more suitable solvents, such as 10% 
acetonitrile/dichloromethane, to afford the desired compound of formula (I). 

• * 

Compounds of formula (T) wherein R 1 is -NHCO2R 8 and wherein R*, R3, r4 
15 and R& are as hereinbefore defined, or a salt and/or solvate thereof, may also be prepared 
by reaction of a compound of formula (VII), 




(vn) 



20 wherein R 2 , R 3 , R 4 and R« are as defined in relation to formula (I) with an amine and 
thereafter, if required, carrying out one or more of the following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (I); 

■ 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed; 
25 thereby constituting a further aspect of the present invention. 

The reaction between the compound of formula (VII) and an amine is carried out 
optionally in a suitable solvent, under conventional conditions, at a suitable temperature, 
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providing a suitable rate of formation of the required product, over a suitable reaction 
time. Suitably the reaction is carried out using the amine as a solvent Suitable amines 
include primary and secondary amines. Suitable reaction temperatures include those in 
the range of 20°C to 1 00°C and, as appropriate, the reflux temperature of the solvent 
5 Suitable reaction times are those in the range 12 to 48 hours. The reaction products are 
isolated using conventional methods. Conventional methods of heating and cooling may 
. be employed, for example thermostatically controlled oil baths and ice/salt baths 
respectively. The reaction products are typically purified by conventional methods, such 
as crystallisation, chromatography and trituration. Crystalline product may be obtained by 
10 standard methods. 

In a preferred aspect, the compound of formula (VII) is dissolved in a suitable 
amine, such as piperidine, and stirred for 12 hours under ambient conditions. The amine 
is then removed in vacuo to afford a residue which is typically purified using silica gel 
chromatography with one or more suitable solvents, such as a solvent gradient of 10-30% 

4 ■ 

15 acetonitrile/dichloromethane, to afford the desired compound of formula (I). 

The above-mentioned conversions of a compound of formula (I) into another 
compound of formula (I) include any conversion, which may be effected using 
conventional procedures, but in particular the said conversions include any combination 
of: 

20 . (i) converting one group R 1 into another group Rl;. 

(ii) converting one group R^ into another group R3; 

(iii) converting one group R* into another group R^ 

The above-mentioned conversions (i), (ii) and (iii) may be carried out using any 

» 

appropriate method under conditions determined by the particular groups chosen. 
25 Suitable conversions of one group R3 into another group R*, as in conversion (ii) 

above, include: 

(a) converting a group R3 which represents halo, such as bromo, into another group 
R3 which represents H. Such a conversion may be performed using an appropriate 
dehalogenation procedure, for example, by treating a compound of formula Q) wherein 
30 R3 is halo, such as bromo, with a suitable base, such as sodium carbonate, in the presence 
of a suitable catalyst, such as Pd(PPh3)4« 



-23- 



WO 03/068773 PCT/GB03/00576 

< 

(b) converting a group R 3 which represents halo, such as bromo, into another group 
R3 which represents alkyl, alkenyl or -C(OR 10 )=CHR 13 wherein R 10 and R 13 are 
defined in relation to formula (I). Such a conversion may be performed using an 
appropriate alkylation or vinylation procedure, for example, by treating a compound of 

5 formula (I) wherein R 3 is halo, such as bromo, with a suitable reagent, such as an alkyl tin 
complex, for example (l-ethoxyvinyl) tributyltin, in the presence of a suitable catalyst, 
such as Pd(PPh3)4. 

(c) converting a group R3 which represents -C(OR 10 >=CHR 13 wherein R 10 and Rl3 
are defined in relation to fonnula (I), into another group R 3 which represents - 

10 COCH2R* 3 wherein R* 3 is defined in relation to fonnula (I). Such a conversion may be 
performed, for example, by treating a compound of formula (T) wherein R 3 is - 
C(OR l °)=CHR 13 wherein R 10 and R 13 defined in relation to formula (T), with a suitable 
acid, such as hydrochloric acid, and thereafter, if necessary, treating the resulting product 
with an acid chloride or an acid anhydride, such as butyryl chloride. 

15 (d) converting a group R 3 which represents -NO2 into another group R 3 which 
represents -NH2- Such a conversion may be performed using an appropriate 
hydrogenation procedure, for example, by treating a compound of fonnula (I) wherein R 3 
is -NO2 with a H2 in the presence of a suitable catalyst, such as 10% Pd/C. 

(e) converting a group R 3 which represents -NH2 into another group R 3 which 

20 represents -NHCOR 1 1 or -NHSO2R 12 wherein R 11 and R 12 are defined in relation to 
fonnula (I). Such a conversion may be performed using an appropriate acylation or 
sulphonation procedure, for example, by treating a compound of formula (I) wherein R 3 
is -NH2 with an acetyl or sulphonyl chloride, such as phenylacetyl chloride, 

(f) converting a group R 3 which represents halo, such as bromo, into another group 

♦ 

25 R 3 which represents alkyl or aryl, such as phenyl. Such a conversion may be performed 
using an appropriate alkylation or aiylation procedure, for example, by treating a 
compound of fonnula (I) wherein R 3 is halo, such as bromo, with a boronic acid, such as 
phenyl boronic acid, in the presence of a suitable catalyst, such as PdCl2(dppf)- 
Alternatively, a group R 3 which represents halo, such as bromo, may be converted into 

30 another group R 3 which represents pinacolboronate, using bis pinacolato diboron in the 
presence of a suitable catalyst, such as PdCl2(dppf). The resulting pinacolboronate 
substituent (R 3 ) may be further converted into another group R 3 which represents aryl or 
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heteroaryl, by treatment with an appropriate aryl or heteroaryl halide, such as phenyl 
bromide in the presence of a suitable catalyst such as 
teti^s(triphemylphosphine)palladium (0). 

Suitable conversions of one group into another group R 4 , as in conversion (iif) 
5 above, include; 

(g) converting a group R 4 which represents aryl substituted by arylalkoxy, such as 4- 

■ 

benzyloxyphenyl, into another group R 4 which represents aryl substituted by -OH, such 
as 4-hydroxyphenyL Where R 4 represents aryl substituted by arylmethyioxy such a 
conversion may be performed using an appropriate hydrogenation procedure, for example, 
10 by treating a compound of formula (T) wherein R3 is aryl substituted by arylalkoxy, such 
as 4-benzyloxyphenyl, with H2 in the presence of a suitable catalyst such as 1 0%Pd/C. 
Where R 4 represents aryl substituted by arylalkoxy or alkoxy such a conversion may be 
performed using a suitable ether cleavage reagent such as hydrobromic acid or boron 
tribromide; and 

- • 

15 (h) converting a group R 4 which represents heteroaryl, such as fiiran-2-yl, into 
another group R 4 which represents heteroaryl substituted by di-alkylamino, such as 5- 
dimethylaminofiiran-2-yL Such a conversion may be performed using an appropriate 
amination procedure, for example, by treating a compound of formula (£) wherein R 4 is 
. an electron rich heteroaryl group with N,N-dimethylmethylene ammonium iodide. 

20 Compounds of formula (E) where R* is H may be prepared by reaction of a 

compound of formula (VIII), 




(VET) 

wherein, 

25 R 2 , R3 and R 4 are as defined in relation to formula (I), with hydrazine or a hydrate 
thereof 

The reaction between the compound of formula (VIII) and hydrazine or a hydrate 

thereof is carried out in a suitable solvent at a suitable temperature, generally an elevated 
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temperature, providing a suitable rate of formation of (he required product, over a suitable 
reaction time. Suitable solvents include pyridine and ethanol. Suitable reaction 
temperatures include those in the range of 60 °C to 220 °C and, as appropriate, die reflux 

■ 

* 

temperature of the solvent. Suitable reaction times are those in die range 1-48 hours. The 
5 reaction products are isolated using conventional methods. Typically, the reaction 

mixture is cooled, the product isolated by filtration, and dried Conventional methods of 
heating and cooling may be employed, for example thermostatically controlled oil baths 
arid ice/salt baths respectively. The reaction products may, if desired, be purified by 
conventional methods, such as crystallisation, chromatography and trituration. 
10 In a preferred aspect, hydrazine or a hydrate thereof, such as hydrazine hydrate, is 

added to a stirred solution of the compound of formula (VIII) in pyridine. The reaction 

■ 

mixture is stirred at reflux for 6 hours and cooled. The crude product is isolated by 
filtration and dried The crude product may be used without purification. 

Certain compounds of formula (H) are believed to be novel and accordingly form 
15 a further aspect of the present invention. 

Compounds of formula (VET) may be prepared by reaction of a compound of 
formula (VTV), 




(VIV) 

wherein, 

20 R^, r3 and R* are as defined in relation to formula (I), with a mixture of 

phosphorus oxychloride and phosphorus pentachloride. 

The reaction between the compound of formula (VIV) and a mixture of 
phosphorus oxychloride and phosphorus pentachloride is carried out at a suitable 
temperature, generally an elevated temperature, providing a suitable rate of fonnation of 

25 the required product, over a suitable reaction time. Suitable reaction temperatures include 
the reflux temperature of the mixture. Suitable reaction times are those in the range 1 -48 
hours. The reaction products are isolated using conventional methods. Typically, the 
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reaction mixture is cooled, and added cautiously to iced water. The solution is then 
basified with a suitable base such as sodium carbonate and the product isolated by 
filtration. The product is then washed and dried Conventional methods of heating and 
cooling may be employed, for example thermostatically controlled oil baths and ice/salt 
5 baths respectively. The reaction product may, if desired, be purified by conventional 

- 

methods, such as crystallisation, chromatography and trituration. 

In a preferred aspect, the compound of formula (VTV) is added to a suspension of 
phosphorus oxychloride and phosphorus pentachloride. The suspension is stirred at 
reflux for 1 hour, cooled, and cautiously added to iced water. The solution is adjusted to 

■ 

10 pH 1 1 with sodium carbonate and the product isolated by filtration, washed with water, 

and dried to afford the desired compound of formula (V1H). The crude product may be 

used without purification. 

Compounds of formula (VTV) are either commercially available or are prepared by 

analogy with known conventional literature procedures, for example those disclosed in 
15 Reel. Trav. Chirru Pays-Bas, 1974, 93, 233, 1 Med. Chem., 1994, 37, 3303 or in standard 

reference texts of synthetic methodology such as J. March, Advanced Organic Chemistry, 

4th Edition, 1992, Wiley Interscience. 

However, compounds of formula (VTV) where R 2 is as defined in relation to 

formula (1) and is halo and is aryl and heteroaryl may be prepared by reaction of a 
20 compound of formula (X), 




(X) 

wherein R^ is as defined in relation to formula (I) and R^ is aryl and heteroaryl, with a 
25 suitable halogenating agent, such as an N-halosuccinimide. 
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Compounds of formula (VTV) where R2 is as defined in relation to formula (T), 
is halo and R 4 is aryl and heteroaryi axe believed to be novel and accordingly form a 
further aspect of the present invention. 

Certain compounds of formula (X) are believed to be novel and accordingly form 
5 a further aspect of the present invention. 

Compounds of formula (VII) may be prepared by reaction of a compound of 
formula (II) with a compound of formula (VI). 

Compounds of formula (VII) are believed to be novel and accordingly form a 
further aspect of the present invention. 

+ * 

10 Compounds of formulae (I), (IT) and (VIV) and (X) may exist as tautomers. The 

present invention encompasses all tautomeric forms of the compounds of (T), (II) and 
(VIV)and(X). 

As stated above, the compounds of formula (I), or pharmaceutical^ acceptable 

salts or solvates thereof, are indicated to be useful as inhibitors of glycogen synthase 

. . ■. 

15 kinase-3. 

The invention therefore provides a compound of formula (I), or a 
pharmaceutical^ acceptable salt or solvate thereof, for use as an inhibitor of GSK-3. 

Accordingly, the present invention also provides a method for the treatment of 
conditions associated with a need for inhibition of GSK-3 such as diabetes, conditions 
20 associated with diabetes, chronic neurodegenerative conditions including dementias such 
as Alzheimer's disease, Parkinson's disease, progressive supranuclear palsy, subacute 
sclerosing panencephalitic parkinsonism, postencephalitic parkinsonism, pugilistic 
encephalitis, guam parkinsonism-dementia complex, Pick's disease, corticobasal 

r 

degeneration, frontotemporal dementia, Huntingdon's disease, AIDS associated dementia, 
25 amyotrophic lateral sclerosis, multiple sclerosis and neuro traumatic diseases such as acute 
stroke, mood disorders such as schizophrenia and bipolar disorders, promotion of 
functional recovery post stroke, cerebral bleeding (for example, due to solitary cerebral 
amyloid angiopathy), hair loss, obesity, atherosclerotic cardiovascular disease, 
hypertension, polycystic o vary syndrome, syndrome X, ischaemia, traumatic brain injury, 
30 cancer, leukopenia, Down's syndrome, Lewy body disease, inflammation, and 

immunodeficiency, which method comprises the administration of a pharmaceutical^ 
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effective, non-toxic amount of a compound of formula Q or a pharmaceuticaUy 
acceptable salt or solvate thereof 

The present invention further provides a compound of formula (I), or a 
pharmaceutical^ acceptable salt or solvate thereof for use as an inhibitor of glycogen 
5 synthase kmase-3, and especially for use in the treatment of conditions associated with a 
need for the inhibition of GSK-3, such as diabetes, conditions associated with diabetes, 
chronic neurodegenerative conditions including dementias such as Alzheimer's disease, 
Parkinson's disease, progressive supranuclear palsy, subacute sclerosing panencephalitic 
parkinsonism, postencephalitic parkinsonism, pugilistic encephalitis, guam parkinsonism- 

10 dementia complex, Pick's disease, corticobasal degeneration, frontotemporal dementia, 
Huntingdon's disease, AIDS associated dementia, amyotrophic lateral sclerosis, multiple 
sclerosis and neuro traumatic diseases such as acute stroke, mood disorders such as 
schizophrenia and bipolar disorders, promotion of functional recovery post stroke, 
cerebral bleeding (for example, due to solitary cerebral amyloid angiopathy), hair loss, 

15 obesity, atherosclerotic cardiovascular disease, hypertension, polycystic ovary syndrome, 
syndrome X, ischaemia, traumatic brain injury, cancer, leukopenia, Down's syndrome, 
Lewy body disease, inflammation, and immunodeficiency. 

The present invention also provides the use of a compound of formula (I), or a 
pharmaceutically acceptable salt or solvate thereof, for use in the manufacture of a 

20 medicament for the treatment of conditions associated with a need for the inhibition of 
GSK-3, such as diabetes, conditions associated with diabetes, chronic neurodegenerative 

- 

conditions including dementias such as Alzheimer's disease, Parkinson's disease, 
progressive supranuclear palsy,- subacute sclerosing panencephalitic parkinsonism, 
postencephalitic parkinsonism, pugilistic encephalitis, guam parJrinsonisip-dementia 
25 complex, Pick's disease, corticobasal degeneration, frontotemporal dementia, 

Huntingdon's disease, AIDS associated dementia, amyotrophic lateral sclerosis, multiple 
sclerosis and neurotraumatic diseases such as acute stroke, mood disorders such as 

* * 

schizophrenia and bipolar disorders, promotion of functional recovery post stroke, 
cerebral bleeding (for example, due to solitary cerebral amyloid angiopathy), hair loss, 
30 obesity, atherosclerotic cardiovascular disease, hypertension, polycystic ovary syndrome, 
syndrome X, ischaemia, traumatic brain injury, cancer, leukopenia, Down's syndrome, 
Lewy body disease, inflammation, and immunodeficiency. 
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* 

In a further aspect of this invention, there is provided a compound of formula (I), 
or a pharmaceutical acceptable sah or solvate thereof, for use as an active therapeutic 
substance.... 

Preferably, the compounds of formula (I), or phannaceutically acceptable salts or 
5 solvates thereof are administered as phannaceutically acceptable compositions. 

♦ ■ 

Accordingly, the invention also provides a pharmaceutical composition which 
comprises a compound of formula (I), or a phannaceutically acceptable salt or solvate 
thereof; and a phannaceutically acceptable carrier. 

The active compounds are usually administered as the sole medicament agent but 
. 10 they may be administered in combination with other medicament agents as dictated by the 
severity and type of disease being treated. 

The said combination comprises co- administration of a compound of formula (I), 
• or a phannaceutically acceptable salt or solvate thereof, and an additional medicament 
agent or the sequential administration of a compound of formula (I), or a 

■ 

1 5 phannaceutically acceptable derivative thereof, and the additional medicament agent. 

Co-administration includes administration of a pharmaceutical composition which 
contains both a compound of formula (I), or a. phannaceutically acceptable salto or 
solvate thereof; and the additional medicament agent or the essentially simultaneous 
administration of separate; pharmaceutical compositions of a compound of formula (T) 9 or 

20 a phannaceutically acceptable salt or solvate thereof and the additional medicament 

w 

agent 

The compositions of the invention are preferably adapted for oral administration. 
However, they may be adapted for other modes of administratioa The compositions may 
be in the form of tablets, capsules,- powders, granules, lozenges, suppositories, 

• * 

25 reconstitutable powders, or liquid preparations, such as oral or sterile parenteral solutions 
or suspensions, hi order to obtain consistency of administration it is prefened that a 
composition of the invention is in the form of a unit dose. Preferably the composition are 
in unit dosage form. A unit dose will generally contain from 0.1 to 1000 mg of the active 
compound. 

30 Generally an effective administered amount of a compound of the invention will 

* * 

depend on the relative efficacy of the compound chosen, the severity of the disorder being 
treated and the weight of the sufferer. However, active compounds will typically be 
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administered once or more times a day for example 2, 3 or 4 times daily, with typical total 
daily doses in the range of from 0.1 to 800 mg/kg/day. 

Suitable dose forms for oral administration may be tablets and capsules and may 
contain conventional excipients such as binding agents, for example syrup, acacia, 
5 gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers, for example lactose, sugar, 
maize starch, calcium phosphate, sorbitol or glycine; tabletting lubricants, for example 
magnesium stearate; disintegrants, for example starch, polyvinylpyrrolidone, sodium 
starch glycollate or microcrystalline cellulose; or pharmaceutical^ acceptable wetting 
agents such as sodium lauryl sulphate. 

10 The solid oral compositions may be prepared by conventional methods of 

blending, filling or tabletting. Repeated blending operations may be used to distribute the 
active agent throughout those compositions employing large quantities of fillers. Such 
operations are of course conventional in the art The tablets maybe coated according to 
methods well known in normal pharmaceutical practice, in particular with an enteric 

15 coating. 

Oral liquid preparations may be in the form o£ for example, emulsions, syrups, or 
elixirs, or may be presented as a dry product for reconstitution with water or other suitable 

• * 

vehicle before use. Such liquid preparations may contain conventional additives such as 
suspending agents, for example sorbitol, syrup, methyl cellulose, gelatin, 

20 hydroxyethylcellulose, carboxymethylcelhilose, aluminium stearate gel, hydrogenated 
edible fats; emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; 
non-aqueous vehicles (which may include edible oils), for example almond oil, 
fractionated coconut oil, oily esters such as esters of glycerine, propylene glycol, or ethyl 
alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid; 

25 and if desired conventional flavouring or colouring agents. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 

compound and a sterile vehicle, and, depending on the concentration used, can be either 

* 

suspended or dissolved in the vehicle. In preparing solutions the compound can be 
dissolved in water for injection and filter sterilized before filling into a suitable vial or 

* • 

30 ampoule and sealing. Advantageously, adjuvants such as a local anaesthetic, a 
preservative and buffering agents can be dissolved in the vehicle. To enhance the 
stability, the composition can be frozen after filling into the vial and the water removed 
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under vacuum. Parenteral suspensions are prepared in substantially the same manna, 
except that the compound is suspended in the vehicle instead of being dissolved, and 
sterilization cannot be accomplished by filtration. Hie compound can be sterilized by 
exposure to ethylene oxide before suspending in the sterile vehicle. Advantageously, a 
5 surfactant or wetting agent is included in the composition to facilitate uniform 

* ■ 

distribution of the compound. 

The formulations mentioned herein are carried out using standard methods such as 

those described or referred to in reference texts such as the British and US 

- 

Pharmacopoeias, Remington's Pharmaceutical Sciences (Mack Publishing Co.), 
1 0 Martindale The Extra Pharmacopoeia (London, The Pharmaceutical Press) or the above- 
mentioned publications. 

Suitable methods for preparing and suitable unit dosages for the additional 
medicament agent, such as the antidiabetic agent mentioned herein include those methods 
and dosages described or referred to in the above-mentioned reference texts. 

GSK-3 Assay 

* • 

GSK-3 assays used to test the compounds of the invention include the following 
protocol which is based on the ability of the kinase to phosphorylate a biotinylated 26 mer 
peptide, Biot- KYRRAAVPPSPSLSRHSSPHQ(S)EDEEE, the sequence of which is 
20 derived from the phosphorylation site of glycogen synthase, where (S) is a prer 

phosphorylated serine as in glycogen synthase in vivo and the three consensus sites for 

4 

GSK-3 specific phosphorylation are underlined. The phosphorylated biotinylated peptide 
is then captured onto Streptavidin coated SPA beads (Amersham Technology), where the 
signal from the 33p is amplified via the scintillant contained in the beads. 

25 Using microtitre plates, GSK-3 was assayed in 5 0 mM MOPS buffer, pH 7.0, 

containing 5% glycerol, 0.01% Tween-20, 7.5 mM 2-mercaptoethanol, 10 mM 
magnesium acetate, 8 uM of the above peptide, and 10 uM [ 33 P]-ATP. After incubation 
at room temperature, the reaction was stopped by addition of 50 mM EDTA solution 
containing the Streptavidin coated SPA beads to give a final 0.2 mgs. Following 

30 centrifugation, the microtitre plates are counted in a Trilux 1450 microbeta liquid 

scintillation counter (Wallac). IC50 values are generated for each compound by fitting to 
a four parameter model. 
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The most potent compounds of the present invention show IC50 values in the 
range of 1 to 500 nM 

No adverse toxicological effects are expected for the compounds of the invention, 
when administered in accordance with the invention. 
5 Hie following Descriptions and Examples illustrate the invention, but do not limit 

it in any way. 

Synthetic Method A 
Example 1 

* 

10 N-[6-(4<Morophenyl-l£r-pyra2olo[3,4-blpyridin-3-yl]acetamide 

Acetic anhydride (49 mg, 0.445 mmol) was added to a solution of 6-(4-chlorophenyl)-l^f- 
pyrazolo[3,4-b]pyridm-3-ylamine (99 mg, 0.40 mmol) in pyridine (0.5 mL). The reaction 
mixture was stirred at reflux for 1 6 hours, allowed to cool and treated with 5N hydrochloric 
acid (5 mL). Solid was filtered off, washed with water and recrystallised from 

15 dimethylformarnide to afford the title compound as a solid. 

MS (APCI+ve): [M+H] + at m/z 287/289 (Ci«HnClN 4 0 requires [M+H]+ at m/z 
287/289). 

l H NMR 8 (DMSO-d«): 2.13 (3H, s), 7.59 (2H, d), 7.74 (1H, d), 8.19 (2H, d), 8.47 (1H, d), 
10.7 (1H, s), 13.2 (1H, br s). 

20 

Synthetic Method B 
Example 4 

l-Ethyl-3-(5-phenyHH-pyrazolo[3,4-b]pyridinyl>urea 

To a stirred solution of 5-phenyl-lH-pyrazolo[4,3-b]pyridin-3-ylainine (100 mg, 0.48 
25 mmol) in dry pyridine (5 mL) was added ethyl isocyanate (38 pi, 0.48 mmol). After 1 8 
hours IN hydrochloric acid (10 rnL) was added and the resulting precipitate was filtered 

* * * 

to afford the title compound. 

MS (APCI +ve): [M+H] + at m/z 282 (Ci$H 13 N 3 0 requires [M+H] + at m/z 282). 

J H NMR 8 (DMSO-d6): 1.11-1.19 (3H, t), 3.30-3.37 (2H, m), 7.41-7.45 (1H, m), 7.52- 

« 

30 7.56 (2H, m), 7.71-7.73 (2H, m), 8.89 (1H, s), 933 (1H, s). 

The starting material for Example 4 may be prepared as shown in Descriptions 1 and 2. 
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Description 1 

2-Chloro-S-phenyH-nicotinoiiitriIe 

2<)xo-5-phen)1-l l 2-dihydrop>Tidine-3-caibonitrile (2.50 g, 12.7 mmol) was added to a 
suspension of phosphorus oxychloride (1.5 mL) and phosphorus pentachloride (7.35 g).at 
room temperature, the suspension was then stirred at reflux for 1 hour. The reaction, 
mixture was cooled to room temperature and added cautiously to iced water. The solution 

m 

■ 

• - 

was then adjusted to pH 1 1 with sodium carbonate and the resulting white solid was 
filtered, washed with water, then dried in vacuo to afford the title compound as a solid 
'HNMR5 (DMSO-d6): 8.8 (d, 1H), 8.2 (d, 1H), 7.6-7.5 (m, 5H). 

5-PhenyH&pyrazoIo[3,4-b]pyridin-3-ylamine 

Hydrazine hydrate (1 .42 g, 28 mmol) was added to a stirred solution of 2-chloro-5- 
phenyl-l-nicotinonitrile (2.45 g, 1 1 .4 mmol) in pyridine (25 mL). The reaction mixture 
was stirred at reflux for 6 hours, cooled and the resulting solid was filtered and dried in 
vacuo, affording the title compound as a solid. 

*H NMR 8 (DMSO-dfi): 8.7 (d, 1H), 8.4 (d, 1H), 7.7 (d, 2H), 7.5 (appt, 2H), 7.4 (d, 1H), 
5.6 (s, 2H). 

* 

Synthetic Method C 
Example 9 

A^-(5-Bromo-lH-pyrazoIo[3,4-A]pyridin-3-yl)-butyramide 

To 5-bromo-lH-pyrazolo[3,4-i]pyridin-3-ylamine (100 mg, 0.47 mmol) in pyridine (3 
mL) was added butyryl chloride (48 nL, 0.47 mmol) and the solution heated under reflux 

* 

conditions for 1 6 hours. The solvent was removed in vacuo and then the compound taken 

up in methanol and run through an SCX cartridge with methanol as the eluant. Product 

was eluted using 2 normal methanolic ammonia solution. Purification was achieved 

using silica chromatography (10% methanol in dichloromethane as eluant). Trituration 

with dichloromethane yielded the title compound as a solid. 

MS (APCI+Ve): [M+H] + at m/z 283/285 (CioHnON^Br requires [M+H]+ at mlz 

283/285). 
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♦ 

'H NMR 8 (DMSO-dg): 0.94 (3H, t), 1.66 (2H, m), 2^9 (2H, t), 8.55 (1H, s), 8.61 (1H, s) 
10.74 (1H, s), 13.43 (1H, s). 

t 

Synthetic Method C 
5 Example 33 

CyclopropariecarboxyKc acid (5-bromo-frphenyl-lH-pyimolo[3/l-b]pyridin-3-yI)- 
amide. 

To a stirred solution of 5-bromo- 6-phenyl- 1 H-pyrazolo [3 ,4-b]pyridin-3 -ylamine (1 g, 3.5 
mmol) in diy pyridine (20 mL) was added cyclbpropyl carbonyi chloride (362 mg, 3.5 
10 mmol). The solution was stirred at reflux for 1 hour and then allowed to cool. The 
reaction mixture was concentrated and the residue was triturated with 
dichloromethane/methanol to afford the title compound as a solid. 
MS (APCI +ve): [M+HJ+ at mlz 357/359 (C 16 Hi3BrN 4 0 requires [M+HJ*" at m/z . 
357/359). 

15 'H NMR 8 (DMSO-dg): 0.82-0.94 (4H, m), 1.93-2.00 (1H, m), 7.38-7.41 (3H, m), 7.60- 
7.69 (2H, m), 8.80 (1H, s), 11.15 (1H, s), 13.40 (1H, s). 

Descriptions 3-6 illustrate the general synthesis of the parent amines, wherein the R3 
substituent is halogen in conjunction with an R4 substituted aryl. The starting material for 

■ 

20 Example 33 above is prepared analogously. The amine product described in Description 6 is 
the precursor for Examples 64, 65, 73, 75, 77 and 80. 

Descrlption3 

5-Bromo-3-cyano-6-(4-methoxyphenyl>2-oxo-l^-dihydropyridioe 

25 A solution of 3-cyano-6-(4-methox)phenyl)-2-oxo-l^-dihydropyri dine (l.Og, 4.42 

♦ 

mmol) and N-bromosuccimmide (0.79 g, 4.42 mmol) in dimethyiformamide (20 mL) was 
stirred at reflux for 1 hour, allowed to cool and added to water (100 mL). The solid was 
filtered, washed successively with water, ethanol and ether and dried under vacuum to 
afford the title compound as a solid. 
30 MS (APC1 -ve): [M-H]" at m/z 303/305 (Q3H9N2Q2 requires [M-H]" at m/z 303/305). 
'H NMR 8 (DMSO-dfi): 12.95 (1H, s), 8.48 (1H, s), 7.52 (2H, d), 7.06 (2H, d), 3.83 (3H, 
s). 
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Description 4 

5-Bromo-2-chloi^3Hryano-&-(4-methoxyphenyI)pyridlne 

A solution of 5-bromo-3-<^o^-(4-methoxyphe^^^ (1.17 g, 

» 

5 3.83 mmol) in phosphoryl chloride (15 mL) and dimethytfonnamide (0.5 mL) was stirred 
at reflux for 18 hours, allowed to cool and added to ice (150 mL). 
The mixture was extracted with ethyl acetate (3x100 mL). Hie combined extracts were 
dried over magnesium sulphate and concentrated. Purification by column chromatography 
(20% v/v ethyl acetate in hexane) afforded the title compound as a solid. 

10 *H NMR 6 (CDC1 3 ) 8.20 (1H, s), 7.79 (2H, d), 7.01 (2H, d), 3.88 (3H, s). 

Descriptions 

5-Bromo^4-methoxyphenyO-lH-pyra2olo[3,4-b]pyridin-3-ylamine 

A mixture of 5-bromo-2^hloro-3-cyano-6-(4-methoxyphenyl)pyridine (582 mg, 1 .80 
15 mmol), hydrazine hydrate (0.25 mL, 5.15 mmol) and ethanol (8 mL) was stirred at reflux 
for 3 hours, allowed to cool and concentrated. Purification by column chromatography 
(5% v/v methanol in dichloromethane) afforded the title compound as a solid. 
MS (APCI +ve): [M+H] + at m/z 319/321 (Ci3HuBrN 4 0 requires [M+H] + at m/z 
319/321). 

20 ! H NMR 6 (DMSO-d*): 12.1 (1H, s), 8.50 (lH,s), 7.57 (2H,d), 7.02 (2H,d), 5.67 (2H, 
s), 3.82 (3H, s). 

* 

Description 6 

5-Bromo-6-(4-hydroxyphenyI)-lH-pyrazolo[3 5 4-b]pyrIdin-3-ylamine 

25 A mixture of 5 -bromo -6- (4-methoxyphenyl)- 1 H-pyrazo lo [3 ,4-b]pyridin-3 -ylamine (1 70 mg, 

r 

0.53 mmol), boron tribromide (1M solution in dichloromethane, 4 mL) and dichloromethane 
(20 mL) was stirred at ambient temperature for 16 hours. Methanol (5 mL) was slowly added 
and the mixture concentrated. Water (10 mL) was added and the mixture treated to pH 7 with 
2M sodium hydroxide solution. The resulting solid was filtered, washed with water and 
30 dichloromethane and dried under vacuum to afford the title compound as a solid 
MS (APCI +ve): [M+H] + 111/2 305/307 (Ci 2 H 9 BrN40 requires [M+H]+ at m/z 
305/307). 
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"H NMR 6 (DMSO-ds) 12.15 (1H, s), 9.77 (1H, s), 8.55 (1H, s), 7.54 (2H, d), 6.90 (2H, 
d), 5.72 (2H, s). 

■ • 

Where R^ is 2-thienyl the pyridone precursor is prepared by the method of Description 7 

» * 

5 

Description 7 

2-Oxo-6-thiophen-2-yl-l,2-dihydropyridine-3-carbonitrfle 

Sodium methoxide (43 g, 800 mmol) was added to a solution of ethyl formate in 
tetrahydrofuran (200 mL) and diethyl ether (200 mL). A solution of 2-acetyl.thiophene 

10 (32 g, 300 mmol) in tetrahydrofuran (200 mL) was added dropwise over 1 hour. After the 
addition was complete the reaction mixtuie was healed to 40 °C for 3 hours then the 
. solvents were removed by distillation (90 °C). The residue was dissolved in water (400 
mL) and acetic acid was added until pH 8 was reached. Cyanoacetamide was added (50 
g) and the reaction mixture was heated at reflux for 1 8 hours. The reaction mixture was 

15 cooled, acidified with 2N hydrochloric acid and the resulting solid precipitates were 
filtered and dried affording the title compound as a solid. 

lH NMR 5 (DMSO-d<0: 7.00-7.20 (1H, br s), 7.20 (1H, dd), 7.90 (1H, d), 7.90 (1H, dd). 
8.10 (1H, d), 12.60-12.90 (1H, br s) 

20 Similarly for compounds where is a methyl group, the following Descriptions 8-12 

illustrate the preparation of the amine intermediate that can be acylated by standard procedures 
(e.g. Synthetic Method C) to give Examples 54-57, 68, 71 and 74. 

* » 
■ * ■ 

Description 8 

25 3-Dimethylamino-l-(4-methoxyphenyI)-2-methylpropenqne 

A solution of 4'-methoxypropiophencme (16.42 g, 0.1 mol) and N^I-dimethylformamide 
dimethyl acetal (1 1 .35 g, 0.1 1 mol) in dry dimethylformamide (100 mL) was heated at 
100°C for 24 hours. More dimethylformamide dimethyl acetal (9.29 g, 0.09 mol) was 
added and the solution was heated for a further 16 hours at 100°C then for 5 hours at 

30 120°C. The solution was evaporated to low volume and the residue was taken up in ethyl 
acetate (250 mL) and washed with water (x3), brine, dried over magnesium sulphate and 
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evaporated to an oiL This was triturated with petroleum ether to give the title compound 
as a solid 

MS (ES +ve): [M+H] + at m/z 220 (C13H17NO2 requires [M+H]* at m/z 220). 
! H NMR 6 (DMSO-de): 2.00 (3H, s), 3.00 (6H, s), 3.78 (3H, s), 6.87 (1H, s), 6.93 (2H, 
5 m), 730 (2H, m). 

■ 

Description 9 

3-Cyano-5-methyl-<-(4-methoxyplienyO-2-pyridone 

A mixture of 3-'dimethylammo-l-(4-me g, 74.6 

10 mmol), cyanoacetamide (6.27 g, 74.6 mmol) and sodium methoxide (8.05 g, 149 mmol) 

» 

in dry dimethyiformamide (100 mL) was heated at 100°C for 5 hours. Hie mixture was 
cooled and poured into water (500 mL). 2N Hydrochloric acid was added to pH 4 and the 

resulting solid was filtered off and washed with water to give the title compound as a 

- 

solid. 

15 MS (ES +ve): [M+H] + at m/z 24 1 (C14H12N2O2 requires [M+HJ+ at m/z 241). 

*H NMR 8 (DMSO-dg): 1.99 (3H, s), 3.82 (3H, s), 7.05 (2H, m), 7.43 (2H, m). 8.1 1 (1H, 
s), 12.40 (1H, s). 

Description 10 

* 

20 2-Chloro-3-cyano-S-methyl-6-(4-methoxyphenyI)pyridine 

3-Cyano-5-meth)i-6-(4-methox>9henyl)-2-pyridone (13.96 g, 58 mmol) was suspended in 
phosphoryl chloride (50 mL), dimethyiformamide (0.25 mL) added and the mixture 
heated at reflux for 5 hours. The mixture was cooled and poured with vigorous stirring . 
into ice (500 g). Dichloromethane (400 mL) was added and the mixture was filtered. The 

25 layers were separated and the organic layer was washed with water at pH 7 (sodium 

hydroxide) and brine, dried over magnesium sulphate and evaporated to a solid. This was 
taken up in dichloromethane and filtered through a bed of silica gel, washing through with 
more dichloromethane. The filtrate was evaporated and the residue triturated with ether 
to give the title compound as a solid. 

30 MS (APCI +ve): [M+H] + at m/z 259/261 (C14H1 1CIN2O requires [M+H] + at m/z 
259/261). 
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'H NMR 8 (DMSO-dfi): 2.40 (3H, s), 3.84 (3H, s\ 7.07 (2H, m), 7.62 (2H< m), 8.41 (1H, 

s). 

Description 11 
S 3-Amino-5-methyl-6^4-methoxyphenylH 

■ 

A mixture of 2-chlon>-3-cyano-5-methyl^ 

mmol) and hydrazine hydrate (6.?4g, 114 mmol) in pyridine (40 mL) was heated at reflux 
for 7 hours. The mixture was evaporated to dryness and the residue treated with water 
(100 mL) and the solid broken up well and filtered off to give the title compound as a 
10 solid. 

MS (ES +ve): [M+HJ+ at m/z 255 (C14H14N4O requires [M+H] + at m/z 255). 

'H NMR 5 (DMSO-dg): 2.34 (3H, s), 3 .82 (3H, s), 5.46 (2H, s), 7.01 (2H, m), 7.50 (2H, 

m), 7.97 (lH,s),l 1.75 (lH,s). 

15 Description 12 

3-Amino-5-methyl-6^4-hydroxyphenyl)-lH-pyra2olo[3 5 4-b]pyridine 
3-Amino-5-methyl-6-(4-methoxyphenyl)-lH-pyi^olo[3,4-b]pyridine (2.54 g, 10 mmol) 
in 48% aqueous hydrobromic acid (50 mL) was heated at reflux overnight. The solution 
was evaporated to a solid which was dissolved in water (50 mL) and 40% sodium 

20 hydroxide solution was added to pH4 then aqueous sodium bicarbonate to pH 7.5. After 
standing for 1 5 mins the mixture was filtered to give the title compound as a solid. 
MS (APCI +ve): [M+H] + at m/z 241 (Ci 3 H 12 N 4 0 requires [M+H] + at m/z 241). 
l H NMR 8 (DMSO-d 6 ): 2.34 (3H, s), 5.44 (2H, s), 6.84 (2H, m), 7.39 (2H, m), 7.94 (1H, 
s), 9.60 (lH,s),l 1.70 (lH,s). 

25 

Synthetic Method C 
Example 27 

JV-[3^2-Methylpropanoylamino)-lH-pyrazoloP 

Isobutyryl chloride (105 mg, 0.988 mmol) was added to a solution of N-(3-amino-lH- 
30 pyrazolo[3,4-6]pyridin-5-yl)-henzamide (250 mg, 0.988 mmol) in hot pyridine. The 
reaction was stirred at reflux for 55 hours and then the solvent was evaporated in vacuo. 
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The residue was chromatographed on silica (10% mefhanol/dichloromethane) to yield the 
title compound as a solid. 

MS (APCI+ve): [M+H] + at m/z 324 (C17H17N5O2 requires [M+H]+ at m/z 324). 
lH NMR 8 (DMSO-dg): 1.16 (6H, d), 2.75 (1H, m), 7.55 (2H, t), 7.62 (1H, m), 8.01 (2H, 
5 d), 8.65 (1H, s), 8.80 (1H, s), 10.5 (1H, br s), 10.6 (1H, br s), 13.15 (1H, br s). 

Hie starting material for Example 27 is prepared according to Descriptions 13-15 below. 

Description 13 

10 5-Amino-2-chIoronicotinonitrile 

2-CUoro-5-nitronicothionitrile (Fanta et a/., JACS, 1955, 77, 1045), (10 g, 0.054 rnoO, 
was suspended in ether (50 mL), and to this solution was added slowly (exotherm) a 
solution of tin II chloride dihydrate (45 g, 0.199 mol) in concentrated hydrochloric acid 
(90 mL). The reaction was then stirred until the internal temperature reached 30°C, then 

1 5 diluted with water (200 mL), made strongly basic with 50% sodium hydroxide, cooled 
and filtered. The solid was washed thoroughly with water, then dried under vacuum at 
45°C to yield the title compound as a solid. 

MS (APCI+ve): [M+H]+ at m/z 154 (C6H4CIN3 requires [M+H]+ at m/z 154). 
lH NMR 8 (DMSO-d6): 6.02 (2H, s), 7,39 (1H, s), 7.96 (1H, s). 

20 

Description 14 

A r -(6-Chloro-5-cyano-pyridin-3-yI)-benzamide 

5-Ammo-2-cMoro-nicotinonitrile (450 mg, 2.93 mmol) was dissolved in dry 
tetrahydrofuran (1 0 mL), and to this solution was added dry pyridine (0.26 mL, 322 
25 mmol) followed by benzoyl chloride (453 mg, 3.22 mmol). The reaction mixture was 
heated under reflux for 16 hours under argon- The solvent was then evaporated in vacuo 
and the resulting residue partitioned between ethyl acetate and water and the aqueous 
layer further extracted with ethyl acetate (x3). The combined organics were washed with 

brine, then dried over anhydrous magnesium sulfate and evaporated in vacuo to yield the 

t 

30 title compound as a solid. 

MS (APCI+ve): [M+H] + at m/z 258 (Ci3H 8 ClN 3 0 requires [M+H] + at m/z 258). 

* 
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*H NMR 5 (DMSO-dfi): 7.58 (2H, t), 7.67 (1H, t), 8.13 (2H, d), 8.77 (1H, s), 9.00 (1H, 
s), 10.85 (1H, s). 

• ■ 

Description 15 

5 N^-Amino-lH-pyraroIo[3,4-A]p>ridin-5-yI>benzamide 

^^6-Chloro-5^yano-p>ddin-3->i)-benzamide was suspended in ethanol (IS mL) and 
hydrazine monohydrate (379 mg, 7.58 mmol) was added and the reaction was heated 
under reflux for 16 hours. The reaction was then filtered hot, and the product was washed 
thoroughly with ethanol to yield the title compound as a solid 
10 MS (APa+ve): [M+H) + at m/z 254 (Ci3H n N s O requires [M+H] + m/z 254). 

lH NMR 5 (DMSO-dg): 5.55 (2H, br s), 7.55 (2H, t), 7.61 (1H, t), 7.99 (2H, d), 8.51 (1H, 
d), 8.54 (1H, d), 1035 (1H, br s), 1 1.9 (1H, br s). 

■ 

* • 

Synthetic Method D 

■ . * 

15 Example 10 

N-(lH-Pyrazolol3,4-b]pyridin-3-yl)-butyraniide, 

To a stirred and degassed solution of N^5-bromo-lH-pyrazolo[3 ,4-b]pyridin-3-yl)- 

butyramide (150 mg, 0.53 mmol) and sodium carbonate (168 mg, 1.59 mmol) in 

dimethylformamide (1.5 mL), ethanol (0:75 mL) and water (0.75 mL) was added 
20 Pd(PPh3)4 (30 mg, 0.03 mmol). The reaction mixture was stirred at 100°C for 1 8 hours 

then allowed to cool. Water was added and the resultant precipitate was filtered and dried. 

After trituration with dichloromethane the title compound was obtained as a solid. 

MS (APCI +ve): [M+H] + at m/z 205 (C10H12N4O requires [M+H] + at m/z 205). . 

'HNMR 6 (DMSO-d 6 ): 0.92-0.98 (3H, t), 1.59-1.73 (2H, m), 2.36-2.42 (2H, q), 7.09- 
25 7.14 (1H, m), 8.32-8.37 (1H, m), 8.46-8.49 (1H, m), 1.56 (1H, s), 13.17 (1H, s). 

Synthetic Method E 
Example 19 

[5-(2-Ehiorophenyl)-lH-pyrazolo[3,4-4]pyridin-3-yl]-carbaniic acid ethyl ester 

30 5^2-Fluorophenyl)-lH-pyi^olo[3,4-fc]pyridin-3-ylaniine was dissolved in dry pyridine 

(10 mL), and to this solution was added 4-(dimethylamino)pyridine (10 mg 0.082 mmol) 

followed by ethyl chlorofonnate (95 mg, 0.88 mmol). The reaction was then heated at 
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reflux for 16 hours under argon. After cooling the pyridine was evaporated in vacuo and 
the residue triturated with dichoromethane to yield a solid. This crude product was 
chromatographed on silica (5% methanol/dichloromethane) to yield the title compound as 

a solid. 

5 MS (APCI+ve): [M+HJ+ at m/z 301 (C15H13EN4O2 requires [M+H) + at m/z 301). 

lH NMR 8 (DMSO-d6): 1 .25 (3H, t), 4. 17 (2H, q), 7.36 (2H, m), 7.50 (1H, m), 7.60 (1H, 
t), 8.47 (1H, s), 8.65 (1H, s), 10.2 (1H, s), 13.25 (1H, s). 

Synthetic Method F 

10 Example 13 

NW5^4.4.5.5-Tetramethviri.3.21dioxaboro^ 

bntvramide 

* * 

To a stirred and degassed solution of N-(5 -bromo- 1 H-pyrazolo[3 ,4-b]pyridin-3 -yl)- 
butyramide (5 g, 17.8 mmol), bis pinacolato diboron (5 g, 19.6 mmol) and potassium 

15 acetate (5.2 g, 53.4 mmol) in dry dimethylsulfoxide (50 mL) was added PdCl 2 (dppf) (0.46 
g, 0.5 mmol). The solution was heated at 100°C overnight then reaction mixture was 
allowed to cool The reaction mixture was filtered through celite, taken up in ethyl acetate 
(200 mL) and washed with brine (3 x 200 mL). The organic extract was dried (anhydrous 
magnesium sulfate) and concentrated to afford a brown solid. This solid was triturated 

20 with ethyl acetate and filtered to afford the title compound as a solid. 

* 

MS (APCI +ve): [M+H] + at m/z 331 (CujEfoB^Qs requires [M+H] + at m/z 331). 
'H NMR 8 (DMSO-dg): 0.84-0.87 (4H, m), 1.33 (12H, s), 1.96-1.99 (1H, m), 8.63-8.64 
(1H, d), 8.79 (1H, d), 11.02 (1H, s), 13.28 (1H, s). 

25 Synthetic Method G 
Example 14 

AT-(5-Bromo-lH-pyrazolo[3,4-6]pyridinJ-yl)-3-methylbutyramide 

To 5-bromo-lH-pyrazolo[3,4-6]pyridin-3-ylamine (95 mg, 0.45 mmol) in 

dimethylfonnamide (5 mL) was added 3-methyIbutyric acid (48 fiL, 0.45 mmol), 0-(7- 

30 azabenzotriazol-l-yl>N^^^4eti^ethjiuronium hexafluorophosphate (104 mg, 0.45 

mmol) and triethyl amine (62 pL, 0.45 mmol). The solution was stirred for 16 hours under 

ambient conditions. An additional equivalent of the 0-(7-azabenzotriazoI-l-yl)- 
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N^^^-tetramelhyluronium hexafluorophosphate and triethyiamine was added and the 
reaction allowed to continue for a further 3 hours. Hie solvent was removed in vacuo and 
the compound dissolved in methanol and loaded onto an SCX isolute cartridge. After 
ehition with methanol further purification was achieved by preparative HPLC (CI 8 
5 column, gradient of 10-90% acetonitrile (containing 0.01% trifluoroacetic acid) in water 
(containing 0.1% trifluoroacetic acid)). The solvent was removed to yield the title 

* 

compound as a solid. 

MS (APCI +ve): [M+H] + at m/z 297/299 (CnHnONsCl requires [M+H] + at m/z 
297/299). 

10 'H NMR 6 (DMSO-dg): 0.96 (6H, d), 2.12 (1H, m), 2.29 (2H, d), 8.55 (1H, s), 8.59 (1H, 
s) 10.74 (1H, s), 13.43 (1H, s). 

Synthetic Method H 
Example 18 

15 N-[5-(l-EthoxyvmyI)-lH-pyraoto 

To a stirred and degassed solution of N-(5-bromo-lH-pyrazolo[3,4-b]pyridin-3-yl> 
butyramide (150 mg, 0.53 mmol) and (1-ethoxyvinyl) tributyltin (191 mg, 0.53 mmol) in 
dry dioxane (5 mL) under argon was added Pd(PPh 3 )4 (20 mg, 0.02 mmol). After stirring 
at reflux for 18 hours the reaction was concentrated in vacuo, taken up in ethyl acetate (20 

20 mL) and washed with water (20 mL). The organic extract was dried (anhydrous 

magnesium sulfate) and concentrated. The residue was purified by chromatography on 
silica (0% to 2% metbanol/dichloromethane) to afford the title compound as a solid. 
MS (APa -ve): [M-H]" at m/z 273 (Ci4H 18 N 4 02 requires [M-H]" at m/z 273). 
l H NMR 5 (DMSO-dg): 0.93-0.97 (3H, t), 1 .35-1.39 (3H, t), 1 .61-1.71 (2H, m), 2.38-2.40 

25 (2H, t), 3.92-3.98 (2H, q), 4.34 (1H, dd), 4.77 (1H, dd), 8.53 (1H, dd), 8.75 (1H, dd), 
10.59 (1H, s), 13.25 (1H, s). 

Synthetic Method I 
Example 20 

30 N-(5-Acetyl-lH-pyrazolo[3,4-bJpyridinyl)-butyramide 

To a stirred solution of N-[5<l-ethoxyvinyl)-lH-pyrazolo[3 ,4-b]pyridin-3-yl]-butyramide 
(80 mg, 0.29 mmol) in dry methanol (5 mL) was added a solution of 1M hydrochloric 
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10 



acid in diethyl ether (lmL, 1 mmol). After stirring for 1 8 hours at 25°C the mixture was 

■ • 

concentrated to afford crude 5 - acetyl- 1 H-pyrazoio [3 ,4-b]pyridin-3 -ylamine (40 mg, 0.23 

mmol) as a solid Hie solid was dissolved in pyridine (2.5 mL) and butyryl chloride was 

added (24 jjl, 0.23 mmol). Hie reaction mixture was heated at reflux for 5 hours and then 

cooled to room temperature. The reaction mixture was concentrated and trituration of the 

crude oil with dichtoromethane afforded the title compound as a solid 

MS (APCI +ve): [M+ffj + at m/z 247 (Q2H14N4Q2 requires [M+H] + at m/z 247). 

'H NMR 6 (DMSO-d6): 0,93-0.97 (3H, t), 1.62-1 .72 (2H, m), 2.40-2.44 (2H, t), 2.63 (3H, 

s), 9.04-9.06 (2H, m), 10.80 (1H, s), 13.53 (1H, s). 



Synthetic Method J 
Example 21 

[5-(34TIuorophenyI>lH-pyrazolo[3^^ benzyl ester 

5-(3-Fluorophenyl>l /T-pyrazoloPA^yridin-S-ylamine (500 mg, 2.19mmol), was 

1 5 dissolved in dry tetrahydrofuran (75 mL) after vigorous stirring. 4- 

(Dimethylamino)pyridine (293 mg, 2.40 mmol) was then added followed by benzyl 
chlorofonnate (410 mg, 2.40 mmol), and the reaction was stirred at room temperature for 
16 hours. The solvent was then evaporated in vacuo to yield a crude residue which was 
chromatographed on silica (solvent gradient 10-50% acetonitrile/dichloromethane) to 

20 yield a crude solid, identified as bis-acylated material. 

MS (APQ+ve): [M+H] + at m/z 497 (C28H21FN4O4 requires [M+H]* at m/z 497). 
The crude material was dissolved in dry pip eri dine (3 mL) and stirred overnight at room 

temperature.. The piperidine was then evaporated in vacuo to yield a crude oil, which was 

.. 

chromatographed on silica (solvent gradient 10-30% acetonitrile/dichloromethane) to 
25 yield (he title compound as a solid. 

MS (APQ+ve): [M+H] + at m/z 363 (C20H15FN4Q2 requires [M+H]+ at m/z 363). 
lH NMR 5 (DMSO-dg): 5.21 (2H, s), 7.25 (1H, m), 7.35 (3H, m), 7.43 (2H, m), 7.56 
(3H, m), 8.52 (1H, s), 8.83 (1H, s), 10.3 (1H, br s), 13.25 (1H, br s). 



30 
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Synthetic Method K 
Example 22 

[5^3-FliiorophenyI)-lH-pyrazolo[3^6]pyridin-3-yllKarbainic acid isopropyl ester 

5-{3-FhiorophenyI> lH-pyrazolo[3,4-6]pyridin-3->damine (200 mg, 0.876nnnol) was 
5 stirred as a slurry in dry tetrahydrofuran (3 0 mL), and to the suspension was added 4- 
(dimethylaniino)pyridine (246 mg, 2.01 mmol) followed by isopropyl chloioformate (246 
mg, 2.01 mmol), and the reaction was stirred at room temperature for 16 hours. The now 
homogeneous mixture was evaporated in vacuo to yield a chide solid which was 
chromatographed on silica (10% acetonitrile/dichloromethane) to yield the title compound 
10 as a solid. 

MS (APCI+ve): [M+H] + at m/z 315 (CiAsFWh requires [M+H] + at m/z 315). 

■ 

!H NMR 8 (DMSO-d6): 1.27 (6H, d), 4.95 (1H, m), 7.23 (1H, m), 7.56 (2H, m), 7.60 
(1H, d), 8.55 (1H, s), 8.83 (1H, s), 10.1 (1H, s), m (1H, s). 

* 

15 Synthetic Method L 

■ 

Example 26 

JV^(5-Ammo-ltf-pyrazoM^ 

JVK5-Nitro-lJ7-pym^ (Example 23, 0.215 g, 0.863 

mmol) was hydrogenated in ethanol (30 mL) with 10% palladium on charcoal (0.12 g) for 
20 4 hours. The catalyst was filtered off using kieselguhr, and the filtrate was evaporated in 
vacuo to give the title compound as a yellow solid. 

MS (APCI+ve): [M+H] + at m/z 220. (C 10 Hi 3 N 5 O requires [M+H] + at m/z 220). 

*H NMR 5 (DMSO-d*): U5 (6H, d), 2.70 (1H, m), 5.01 (2H, br s), 7.28 (1H, d), 8.00 

(1H, d), 10.20, (1H, s), 12.63 (1H, s). 

25 

* 

Synthetic Method M 
Example 29 

jV-[5-(PhenylacetylainJnoHH-pyr^^ 

• * 

jV-(5-Amino-li/-pyrazolo^ (Example 26, 0.140 g, 0.639 

30 mmol) was stirred in a mixture of dry dichloromethane (10 mL) and dry pyridine (1 mL), 
and phenylacetyl chloride (0.093 mL> 0.703 mmol) was added dropwise. This mixture 
was stirred for 6 hours, evaporated to dryness, dissolved in dichloromethane, washed with 
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saturated sodium hydrogen carbonate solution and brine, dried (anhydrous magnesium 

1 

sulphate) and evaporated to give a gum. This was purified by silica gel chromatography 
using (successively) 0%, 2.5%, 5% and 7.5% v/v methanol in dichloromethane as eluent, 
affording the title compound as a solid. 
5 MS (APQ +ve): [M+H] + at m/z 338. (CisHijJNsCfe requires [M+HQ+ at m/z 338). 

'HNMR S (CD 3 OD): 1.15 (6H, d), 2.65 (1H, m), 3.62 (2H, s), 7.10-7.30 (7H, m), 8.42 
(1H, d), 8.50 (1H, d). _ 

Synthetic Method N 
10 Example 37 

Cyclopropanecarboxylic acid (5,6-diphenyl-lH-pyrazolo[3,4-blpyridin-3»yO-ainide. 

To a stirred and degassed solution of cyclopropanecarboxylic acid (5 -bromo-6-phenyl- 
lH-pyrazolo[3,4-b]pyridin-3-yl)-amide (200 mg, 0.56 mmol), phenyl boronic acid (137 
mg, 1.12 mmol) and potassium acetate (165 mg, 1.68 mmol) in dimethylfonnamide (2 
1 5 mL), ethanol (1 mL) and water (ImL) was added PdCl 2 (dppf) (20 mg, 0.02 mmol). The 
reaction mixture was stirred at 100°C for 18 h then the solution was allowed to cool. 
Water was added and the resulting precipitate was filtered and washed with diethyl ether. 
This solid was purified by chromatography (30% ethyl acetate/hexane) to afford the title 
compound as a solid. 

20 MS (APCI +ve): [M+H]+ * m/z 355 (C22H18N4O requires [M+H] + at m/z 355). 

*H NMR 5 (DMSO-dg): 0.82-0.86 (4H, m), 1.92-1.99 (1H, m), 7.13-7.17 (2H,m), 7.23- 
7.34 (8H, m), 8.40 (1H, s), 1 1.7 (1H, s), 13.24 (1H, s). 

As an alternative to the above Suzuki coupling methodology 5,6-diaryl compounds may 
25 be prepared via the pyridone preparation detailed in Descriptions 1 6 and 1 7. 

Description 16 

3-Diethylamino-l-(4-methoxyphenyl)-2-phenylpropenone 

Diethyiaminostyrene (8.5 1 g, 50 mmol) and triethylamine (7 mL> 50 mmol) were 
30 dissolved in dry toluene(150 mL) and a solution of anisoyl chloride in toluene (150 mL) 
was added dropwise. The mixture was refluxed overnight, cooled to room temperature 
and water (200 mL) added. The layers were separated and the organic layer was washed 
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5 



with water and brine, dried over magnesium sulphate and evaporated to an oil. This was 
chromatographed on silica gel using dichloromethane-diethyl ether (gradient from 50:1 to 
10:1 v/v) as eluent to afford the title compound as an oiL 
MS (APCI +ve): JM+HJ+ at m/z 241 (C13H12N4O requires [M+H] + at m/z 241). 



Description 17 

3-Cyano-5-pbenyl-6-(4-methoxyphenyI>2-pyridone 

- 

A mixture of 3HUethylamino-l-(4-methox>phenyl>i2-phenylpropenone (5.23 g, 16.9 
mmol), cyanoacetamide (1 .42 g, 16.9 mmol) and sodium methoxide (1 .83 g, 33.8 mxnol) 
10 in dry dimethylfonnamide (100 mL) was heated at 100°C for 5 hours. Hie mixture was 
cooled and poured into water (250 mL). 2N hydrochloric acid was added to pH4.5 giving 
an oil which slowly solidified This was filtered off and washed well with ether to give , 
the title compound as a solid. 

MS (APCI -ve): [M-H]" at m/z 301 (C19H14N2O2 requires [M-H]- at m/z 301). 
15 ! H NMR 8 (DMSO-dg): 3.74 (3H, s), 6.86 (2H, d), 7.06 (2H, m), 7.20 (5H, m), 8.19 
(1H, s), 12.65 (1H, s). 

Synthetic Method O 
Example 38 

20 Cyclopropanecarboxylic acid [6-(4-hydroxyphenyl-lH-pyrazolo[3,4-b]pyridIn-3-yI]- 
amide 

10% Palladium on carbon (100 mg) was added to a solution of cyclopropanecarboxylic 
acid [6-(4-benz>doxyphenyHH-pyrazolo[3 ,4-b]pyridin-3-yl]-amide (77 mg, 0.20 mmol) 
in ethanol (25 mL) and dimethylfonnamide (10 mL) and the mixture hydrogenated at 50 
25 psi for 60 hours. After removal of the catalyst by filtration and concentration of the 

filtrate, purification by column chromatography (10% v/v methanol in dichloromethane) 
afforded the title compound as a solid. 

MS (APCI+ve): [M+H] + at m/z 295 (C16H14N4O2 requires [M+H] + at m/z 295). 
*H NMR 8 (DMSO-^): 0.86 (4H, m), 1.96 (1H, m), 6.89 (2H, d), 7.59 (1H, d), 8.00 (2H, d), 
30 8.37 (1H, d), 9.83 (1H, s), 10.95 (1H, s), 13.05 (1H, s). 
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Synthetic Method P 
Example 82 

N^5-Bromo-6-phenyMiT-pyrazolo[3,4-A]p^^ 
butyr amide maleate salt 
5 5-Bromo-6-phenyl-li^pyra2a>lo[3 ,4-6]pyridin-3-ylamine (0.10 g, 0.346 mmol) was added 
to a stirred mixture of 4-(4-ethylpiperazin-l-yl>butyryl chloride hydrochloride salt (0.353 
g, 1.38 mmol) in dry pyridine (10 mL) at room temp era ture under argon and then heated 
at reflux overnight Water (10 mL) was added and the solution was evaporated to dryness 
under reduced pressure. Ethanol (10 mL) was then added and the solution again 
10 evaporated to dryness. The residue was redissolved in dimethylfonnamide (6 mL) and 
purified by preparative HPLC on a Supelco ABZ+plus column (250 cm by 2 1 .2 mm, 12 
|xm) using a 10-90% acetonitrile (0. 1% trifluoroacetic acid) in water (0.1 % trifluoro acetic 
acid) gradient A solution of the resulting trifhioroacetate salt in methanol was loaded 

- 

onto an SCX column and washed with methanol (SO mL). The free base of the product 
15 was then eluted with ammonia (2M) in methanol and the solution was evaporated to 

dryness under reduced pressure. A solution of the resulting free base in methanol (25 mL) . 
was then treated with an equivalent of maleic acid to give the title compound as a solid 
after evaporation of solvents. 

MS (APC3 +ve): [M+HJ 1 " at m/z 471 and m/z 473 (C^IfcBrNeO requires [M+H] + at m/z 
20 471 and m/z 473). 

! H NMR 8 (MeOH-cL*): 1.26 (3H, t), 1.99 (2H, quintet), 2.58 (2H, t), 2.67 (2H, t), 2.84 
(4H, br. app. s), 3.03 (2H, q) f 3.18 (4H, br. app. s), 6.26 (2H, s), 7.43-7.51 (3H, m), 7.60- 
7.68 (2H,m), 8.81 (lH,s). 

25 Synthetic Method O 
Example 119 

Cyclopropanecarboxylic acid (5-c} r ano-6-phenyl-lH-pyrazolo[3,4-A]pyridin-3-yl)- 
amide 

Cyclopropanecarboxylic acid (5-iodo-6-phenyl-lH-pyrazolo[3,4-i]pyridin-3-yI)-amide 
30 (0.100 g, 0.25 mmol) was dissolved in dimethylfonnamide (5 mL) and treated with 
copper (I) cyanide (0.034 g, 0.38 mmol). The reaction mixture was heated to reflux for 
16 hours and then concentrated in vacuo. The product was purified by silica gel 
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chromatography eluting with dichloromethane/mefhanol (99:1) to yield the title 
compound as a solid. . 

MS (APa +ve): [M+H] + at m/z 304. (C17H13N5O requires [M+H]+ at m/z 304). 
lH NMR 8 pMSO-dk): 0.90 (4H, in), 1.98 (1H, m), 7.59 (3H, m), 7.87 (2H, m), 9.05 

• ♦ 

5 (1H, s), 11.35 (1H, s), 13.81 (1H, s). 



Synthetic Method R 
Example 164 

* 

Cyclopropanecarboxylic acid [5-bromo-6-(5-dimethylamInomethylfuran-2-yI)-lH- 
10 pyrazolo[3,4-b]pyridin-3-yl]-amide 

V 

Cyclopropanecarboxylic acid (5-bromo-6-(furan-2-yi)-lH-py^ 

amide (0.300 g, 0.86 mmol) was dissolved in acetic acid (5 mL) and treated with 

Eschenmoser's salt (N^-dimethylmethylene ammonium iodide) (0.500 g, 2.6 mmol). 

* m ■ 

The reaction mixture was heated to reflux for 3 hours and then concentrated in vacuo. 

m 

1 5 The product was purified by silica gel chromatography eluting with 5% methanol 

(containing 10% of 0.880 ammonia) in dichloromethane, then applied to a SCX column 
eluting with methanol first and then ammonia/methanol (10% 0.880 ammonia in 
methanol) to yield, after evaporation to dryness, the title compound as a solid. 
MS (APCI -ve): [M-H]" at m/z 402/404. (C17H18B1N5O2 requires [M-H]- at m/z 

20 402/404). 

*H NMR 8 (MeOH-d4): 030 (2H, m), 1.00 (2H, m), 1.90 (1H, m), 2.35 (6H, s), 3.68 (2H, 
s), 6.54 (1H, d), 7.43 (1H, d), 8.76 (1H, s). 



Further Examples of the invention are illustrated in Table 1. The further Examples 
25 described herein were prepared by analogy with Synthetic Methods A-R described above. 



30 
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Claims 



5 1. A compound of formula (I), 




or a salt thereof, or a solvate thereof wherein, 

10 Rlis-NR5(X)R6 -NHCONHR? or-NHC02R 8 ; 
RZisH; 

R 3 is H, halo, -CN, -NO2, -NH2, alkyl, alkenyi, <XORl0)=CHR 1 3^ -NHCOR 11 , - 
NHS02R 12 * -CO2R 13 , -COCH 2 R 13 , -B(OR 14 >2, -CONHRI 5 , -SPh, heteroaiyl or aiyl 
wherein the aryl group may be optionally substituted by one or more halo substituents; 
15 R 4 is H, cycloC3«8 alkyl, heterocyclyl, heteroaiyl wherein the heteroaiyl group may be 
optionally substituted by alkyl and di-alkylaminoaflcyl; or aryl wherein the aryl group may 
be optionally substituted by one or more groups selected from halo, -OH, -CF3, -CN, 
alkoxy and arylalkoxy, or may be fused to a heterocyclic ring to form a bicyclic group; 

* 

R^isHoralkyl; 

20 R 6 is alkyl, aDcenyl, cycloC3_8 alkyl, cycloC3_g alkenyi, di-alkylaminoalkyl, arylalkyl, 
arylalkenyl, heterocyclyl wherein the heterocyclyl group maybe optionally substituted by 
one or more groups selected from alkyl, arylalkyl and alkoxyalkyl; heterocyclylalkyl 
wherein the heterocyclyl may be optionally substituted by one or more groups selected 
from alkoxyalkyl, aiyloxyalkyl, arylalkyl and alkyl; hetero arylalkyl wherein the heteroaiyl 

25 may be optionally substituted by one or more groups selected from alkyl; heteroaryi 

wherein the heteroaryi may be optionally substituted by one or more groups selected from 
aryl and heteroaryi; aryl wherein the aryl group maybe optionally substituted by 
heterocyclylalkyl and di-alkylaminoaBcyi; alkoxyalkyl wherein the alkoxy group maybe 
optionally substituted by alkoxy; 
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r7 is alkyi or aryl whfcrein the aryl group may be optionally substituted by one or more 
groups selected from alkyi, alkoxy, -CN and -CO2R 9 ; 

is alkyi or aiylalkyi; and 
R^isalkyl; 
5 RlOisalkyl; 

* 

Rl I is alkyi, alkoxyalkyl, aiylalkyi or aryl wherein the aryl group may be optionally 
substituted by one or more groups selected from halo; and 
Rl2isalkyi; 
R 13 is alkyi; 

10 Rl4 is alkyi or two R*4 groups together form a ring system which may be further 
substituted by one or more alkyi group(s); 
is di-alkyiaminoalkyl; 

with the proviso that when R 1 is -NR 5 COR^ wherein R 5 is H and R 6 is as hereinbefore 
defined, and R 2 and R 4 are H then R 3 is selected from H, halo, -CN, -NO2, -NH2, alkyi, 
15 alkenyl, -C(ORl^=€HR 13 , -NHCORl 1, -NHSO2R 12 , -C02R 13 ,-COCH 2 R 13 , - 
CONHR 15 or-SPh. 

2. A compound of formula (I), as claimed in claim 1, of formula (IA), 



20 




or a salt thereof, or a solvate thereof, wherein, 
Rl is -NR 5 COR6 -NHCONHR? or -NHCO2R 8 ; 
R2isH; 

25 R 3 is H, halo, -CN, -NO2, -NH2, alkyi, alkenyl, -C(OR 10 )=CHR 13 f -NHCOR 1 \ - 

NHSO2R 12 , -CO2R 13 , -COCH 2 R 13 , -B(ORl4)2, -CONHR15, -SPh, heteroaryl or aryl 

wherein the aryl group may be optionally substituted by one or more halo substituents; 

R 4 is H, CVCI0C3.8 alkyi, heterocyclyl, heteroaryl wherein the heteroaryl group may be 

optionally substituted by alkyi and di-alkylaminoaDcyl; or aryl wherein the aryl group may 
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be optionally substituted by one or more groups selected from halo, -OH, -CF3, -CN, 
alkoxy and arylaDcoxy, or may be fused to a heterocyclic ring to form a bicyclic group; 

R5isHoralkyl; 

r6 is alkyl, cycloC3_g alkyl, di-alkylaminoalkyl, heterocyclyl wherein the heterocyclyi 
5 group may be optionally substituted by one or more groups selected from alkyi, arylalkyi 

and alkoxyalkyl; heterocyclylalkyl wherein the heterocyclyl may be optionally substituted 

by one or more groups selected from alkoxyalkyl, aryloxyalkyl, arylalkyi and alkyi; 

heteroarylalkyl wherein the heteroaryi may be optionally substituted by one or more 

groups selected from alkyl; heteroaryi wherein the heteroaryi may be optionally 
1 0 substituted by one or more groups selected from aiyl and heteroaryi; aryl wherein the aiyl 

group may be optionally substituted by heterocyclylalkyl and di-alkylaminoalkyl; 

alkoxyalkyl wherein the alkoxy group may be optionally substituted by alkoxy; 

R? is alkyl or aryl wherein the aryl group may be optionally substituted by one or more 
* groups selected from alkyl, alkoxy, -CN and CC^R**; 
15 R8 is alkyl or arylalkyi; 

R9isalkyl; 

RlOisalkyi; 

r11 is alkyl, alkoxyalkyl, arylalkyi or aryl wherein the aryl group may be optionally 
substituted by one or more groups selected from halo; and 
20 Rl2 is alkyi; 
Rl3isalkyU 

Rl 4 is alkyi or two R* 4 groups together form a ring system which may be further 
substituted by one or more alkyl group(s); 
R 1 5 is di-alkylaminoalkyl; 
25 with the proviso that when R 1 is -NR 5 COR 6 wherein R 5 is H and R 6 is as hereinbefore 
defined, and R 2 and R 4 are H then R 3 is selected from H, halo, -CN, -NO2, -NH2, alkyl, 
aDcenyl, ^(ORlOH^Rl 3 , -NHCORl 1 , -NHSO2R 12 , -C02R 13 ,-COCH 2 R 13 - 
CONHR 15 or-SPk 

30 
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3. A compound of fonnula (I), as claimed in claim 1, of formula (IB), 




5 or a salt thereof; or a solvate thereof; wherein, 

Rl is -NHCOMe, -NHCOPrn, -NHCOfti, -N(Et)COPr*, -NHCOBuS .NHCO(CH2)4- 
thiomorpholin-4-yi, -NHCOcyclo-Propyl, -NHCOcyclo-Pentyl, -NHC0-4-(N-Me- . 
Piperidyl), -NHCO(CH2)3-(4-Et-Piperazfai-l-yl), -NHCO(CH2)3NMe2, -NHCONHEt, - 
NHCONH(2-Me-Ph), -NHCONH(2-MeO-Ph), -NHCONH(2-CN-Ph), -NHCONH(2- 

10 CC^Me-Ph), -NHCC^Et, -NHCC^Pr 1 , -NHCC^CI^Ph, NHCO(CH2)2(6-Me-Pyridin-3- 
yl), NHCO-[3-(pyrid-2-yi)-Pb.], NHC<M4-(OT2(py™U<^- 1 -y 1 > Iih 3. NHCO-[6-(3- 
PyridyO-pyrid-3-yl], NHCO-S-^-^Ph-Pynolidinyl), NHCO-4-(N-((CH2)20Me> 
Piperidyl), imCOCH(M6){Ca^-{4-Bt-p^eiw3nA-y\), NHCOCH2(N-(CH2) 2 OMe- 
Piperidin-4-yl), NHCOCH 2 (N-(CH2)20Ph-Piperidiii-4-yl) > NHC<XH2(N-CH 2 Ph- 

15 Piperidin-4-yl), NHCOCT 2 (N-Et-Piperidin-4-yl), NHCOCH 2 0(CH2)20Me, 

NHCOCH20Me, -NHCO(CT2)2-morpholin-4-yi, -NHCCKCH^CpyCToKdin-l-yl), - 
NHCO-[4-(CH2(piperidui-l-yl)-Ph], -NHCO-[4-(CH 2 NEt2)-Pn], -NHCO-4-(N- 
(CH2)2 OEt Pi P 6rid y 1 ) -NHCOCI^NMe^, 
R^isH; 

20 R^ is H, methyl, phenyl, hromo, chloro, iodo, cyano, pinacolboronato, -CH 2 CH=CH2, - 
CH=CH2, -C(OEt)=CH 2> 2-fluorophenyl, -CQMe, 3-fluorophenyl, -NO2, -NHCOMe, - 
NHCOPr*, -NHSC^Me, -NH2, -NHCOPh, -NHCO(2,3-difluorophenyl), -NHCOCI^Ph, 
-NHCOCH20Me, 3-pyridyl, -C02Et, -CONH(C3l2)2NMe2, and -SPh; 
r4 i s h, phenyl, 4-chloropbenyl, 3-trifluoromethylphenyl, 2-hydroxyphenyl, 3- 

25 hydroxyphenyl, 4-hydroxyphenyL 3,4-dihydroxyphenyl, 3,4-methylenedioxyphenyl, 4- 
benzyloxyphenyl, 2-methbxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 4-pyridyl, 3- 
chloro-4-hydroxyphenyl, 3 -bromo - 4 -hydroxyphenyl and 2-thienyl, 2-furyl 2-thiazolyl, 3- 
CN-Ph, 5-(CH2NMe2>Furan-2-yl, 5-Me-Furan-2-yl and cyclopropyl; 
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with the proviso that when R 1 is -NHCOMe, -NHCOPr 11 , -NHCOPr*, -NHCOBu 8 , - 
NHCXD(CH2)4-thiomoipholin-4-yl, -NHCOcyclo-Propyl, -NHCOcyclo-Pentyl, -NHCO- 
4-(N-Me-PiperidyO, -NHCO(CH2)3K4-Et-Piperazin-l-yl), -NHCO(CH2)3NMe2, 
NHCX)(CH2)2(6-Me-Pyridin-3-yl), NHCO-[3-(pyrid-2.yl).Ph], NHCO-[4- 
5 (CH 2 (pvrrolidin-l-yl)-Ph], NHCO-[6-(3-Pyridyl)-pyrid-3-yl], NHCO-3-(N-CH2Ph- 
Pyrrolidinyl), NHCO-4-(N.((CH2)20Me)-Piperidyl), NHCOCH(Me)(CH2)2-(4-Et- 
piperazin-l-yl), l«aDCH2(N-(CH2)20Me-Piperidrn-4.yl), NHCOCH2(N -{CT^OPh- 
Piperidin-4-yl), NHCOCH 2 (N-C H 2P h - K P eridin - 4 -y 1 ). NHCOCH2(N-B-Piperidin-4-yl), 
MI0OCH2O(CH2)2OMe, NHCOCH 2 OMe, -NHCO(CH2)2-moipholin-4-yl, - 
10 hraCO(CH2)3(pym>Kdin-l-yl), -imca[4-(CH2(piperidin-l-yl>Ph], -NHC0-[4- 
(CH2NEt2)-Ph], -NHCO4-(N-(CH2)20Et-Pipeiidyl) and -NHCOCH2NMe2; and R 2 
and are H, then R^ is selected from H, methyl, bromo, chloro, iodo, cyano, - 
CH 2 CH=CH2» -CH=CH2, -C(0Et)=CH2, -COMe, -NO2, -NHCOMe, -NHCOPri, - 
NHS02Me, -NH2, -NHCOPh, -NHCO(2,3-difluorophenyl), -NHC0CH2Ph - 

* » 

15 NHCOCH 2 OMe, 0O2Bt, CONH(CH2)2NMe2, and -SPh. 

1 

4. A compound of formula (J) or a phannaceutically acceptable salt or solvate thereof, as 
claimed in claim 1, substantially as hereinbefore described with reference to any one 
of the Examples. 



20 



5. A process for the preparation of a compound of formula (I) wherein R 1 is - 

NR^COR 6 and wherein R 2 , r3, r4, r5 and R 6 are as hereinbefore defined, or a salt 
and/or solvate thereof which process comprises reacting a compound of formula (II), 




NHR 5 



25 (H) 

wherein R 2 , R 3 , R 4 and R 5 are as defined in relation to formula (T) with a compound of 
formula (ID), 
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A K (III) 



wherein R 6 is as defined in relation to formula (I) and X is a suitable leaving group and 
thereafter, if required, carrying out one or more of the following optional steps: 
5 (i) converting a compound of formula (I) to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed 

10 6. A process for the preparation of a compound of formula (I) wherein is- 

NHCONHR 7 and wherein R 2 , R 3 , R 4 and R 7 are as hereinbefore defined, or a salt 
and/or solvate thereof, which process comprises reacting a compound of formula (II), 




1 5 wherein R 2 , R 3 , R 4 are as defined in relation to formula (I) and R 5 is H, with a 
compound of formula (V), 



R 7 — NCO^ 



wherein R 7 is as defined in relation to formula (I) and thereafter, if required, carrying out 

■ * 

20 one or more of the following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed. 

25 7. A process for the preparation of a compound of formula (I) wherein R* is - 

NHCO2R 8 and wherein R 2 , R 3 , R 4 and R 8 are as hereinbefore defined, or a salt 
and/or solvate thereof which process comprises reacting a compound of formula (IT)» 
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15 




(H) 

wherein R 2 , R 3 , R 4 are as defined in relation to formula (J) and R 5 is H, with a 
compound of formula (VI), 

O 

in* "* 

* ° R *(VI) 

5 

wherein R 8 is as defined in relation to formula (I) and thereafter, if required, carrying out 
. one or more of the following optional steps: 

(i) converting a compound of formula © to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

1 0 (iii) preparing an appropriate derivative of the compound so formed. r 

* 

8. A pharmaceutical composition which comprises a compound of formula (I), or a 
pharmaceutical^ acceptable salt or solvate thereof, as claimed in claim 1 , and a 
pharmaceutical^ acceptable carrier. 

■ 

9. A compound of formula (1) or a pharmaceutically acceptable salt or solvate thereof^ as 
claimed in claim 1, for use as an inhibitor of GSK-3. 



10. A method for the treatment of conditions associated with a need for inhibition of 
20 GSK-3 such as diabetes, conditions associated with diabetes, chronic 

neurodegenerative conditions including dementias such as Alzheimer's disease, 
Parkinson's disease, progressive supranuclear palsy, subacute sclerosing 
panencephalitic parkinsonism, postencephalitic parkinsonism, pugilistic encephalitis, 
guam parkins oni sm- dementia complex, Pick's disease, corticobasal degeneration, 
25 frontotemporal dementia, Huntingdon's disease, AIDS associated dementia, 

amyotrophic lateral sclerosis, multiple sclerosis and neurotraumatic diseases such as 
acute stroke, mood disorders such as schizophrenia and bipolar disorders, promotion 
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of functional recovery post stroke, cerebral bleeding (for example, due to solitary 
cerebral amyloid angiopathy), hair loss, obesity, atherosclerotic cardiovascular 
disease, hypertension, polycystic ovary syndrome, syndrome X, ischaemia, traumatic 
brain injury, cancer, leukopenia, Down's syndrome, Lewy body disease, inflammation, 
5 and immunodeficiency, which method comprises the administration of a 

pharmaceutical^ effective, non-toxic amount of a compound of formula Q or a 
pharmaceutical^ acceptable salt or solvate thereof; as claimed in claim 1 . 

1 1 , A compound of formula (I), or a pharmaceutical^ acceptable salt or solvate thereof 
10 as claimed in claim 1, for use in the manufacture of a medicament for the treatment of 
conditions associated with a need for the inhibition of GSK-3, such as diabetes, 
conditions associated with diabetes, chronic neurodegenerative conditions including 

dementias such as Alzheimer's disease, Parkinson's disease, progressive supranuclear 

- 

palsy, subacute sclerosing panencephalitic parkinsonism, postencephalitic 
15 parkinsonism, pugilistic encephalitis, guam paikinsonism-dementia complex, Pick's 
disease, corticobasal degeneration, frontotemporal dementia, Huntingdon's disease, 
AIDS associated dementia, amyotrophic lateral sclerosis, multiple sclerosis and 
neurotraumatic diseases such as acute stroke, mood disorders such as schizophrenia 
and bipolar disorders, promotion of functional recovery post stroke, cerebral bleeding 
20 (for example, due to solitary cerebral amyloid angiopathy), hair loss, obesity, 

■ 

atherosclerotic cardiovascular disease, hypertension, polycystic ovary syndrome, 
syndrome X, ischaemia, traumatic brain injury, cancer, leukopenia, Down's syndrome, 
Lewy body disease, inflammation, and immunodeficiency; 
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